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PREFACE 
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4 

^ It may not be out of place, in the closing' volume of a work u'liich has entailed on the 
c clitnr no small anxictv, irhile it has also yielded him much gratification, if he 'venture 
Id take a retrospective glance at the course 'n-liich has been pursued, and the manner in 
M'hirh the promises made in its commencement have been fulfilled. 

The Wtirk was undertaken witti a zealous desire to siipply a series of Elementary 
Tre atises on the various Sciences, trustworthy in their modes of treatment and in their 
j details, and written by authors ■who wore masters of their subjects. Acting on this 
]frineiple, ■widters, eminent in science, were induced to lend their aid; and the Trea¬ 
tises produced by them are now submitted, in their completed (orm, with that confidence 
which their reputation justifies. That the Editor has been able to carry out the 
original plan to a successful issue, must ho gratifying to those who have so efficiently 
j aided him with their pens; to whom, as well as to Uiat portion of the public who have 
I supported the undertaking throughout its progress, he takes this opportunity of ten- 
j dering his grateful llianks. / 

I In the course of the undertaking, some of tlic most abstruse branches of human know- 

» 

I lodge have been approached. The “ Structiiro of the Skeleton” has been developed by 
, the great Comparative Anatomist of our day, Professor Ow'cn, with a wonderful po'wer 
of condensation; and the Varieties of the Human Race” have been discussed by the 
equally celebrated Dr. Latham. 

Tho several Treatises on the ** Mathematical Sciences” have elicited high pr^c in 
quarters ■well qualified to form an opinion, for the elcamoss with which the principles 
have been laid down, and their development carried out. 

In Geological Science, it is only necessary to name Professor 4-nsted as tho author 
of tho Treatise; while tho monographs on “Mineralogy” and “Crystallography,” 
though scaled books to tho many, ore rccogni;},e(7 by competent judges as masterly 
instances of tho powers of mathematical demonstration in the Rcy. Gentleman and 
learned Professor who have produood them. Tho collateral subject of Chemistry will. 
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likewise, ^furnish acceptable aid to the student in. tbo prosecution of his inquiries in this 
important field of philosophical research. 

In the great branches of Natural Science, embracing Botany and Zoology, tho 
Editor thinks himself fortunate in having secured the assistance of Dr. Smith and hfr. 
Dallas. The former has famished a monograph remarkable for its simplicity, its hicid 
arrangement, and its microscopic illustration. Tho Natural History of the Animal King¬ 
dom has, in the opinion of some of our most aoutc critics, happily united the necessary 
precision requisite for such a monograph, with the popular illustration required by the 
character of tbo Work of which it forma a puitlon. 

Nor is it probable that the present Volume on “ Mechanical Philosophy” will exhibit 
any falling off from its predecessors. The Mathematical formuloe of the first half of the 
Volume will be found to be amply illustrated by the practical knowledge displaytd 
by the Author in tliat portion of the Volume devoted to Practical Mcchaulcs and tho 
Steam Engine. 

It wUl probably be objected by some, that subjects wero originally promiMd 
which have not appeared : this is in some senso true. Several Ireatiacs on tlic higher 
branches of Mathematics were originally contcmjdatcJ, and would have been supplic'l; 
but the readers by whom such subject.^ arc in rc<iucst were found to be too limited in 
number to justify their production. Other subjects belonging more to general Te«i.» 
nologj' will be discusaod in the Cieclb of the lM>t’sTuiA,i. Akts, a work now in com.io 
of Puhlication under the same superintendence. 

It has been objected to this Work that the want of consecutive publimtion lias led 
to much inconvenience to the Subscribers, and created considerable discontent on lluir 
part. This, though much to be regretted, w.as quite unavoidable; os tho labour of 
producing a weekly sheet, on some of the subjects, was physically impossible, and 
no mode presented itself of meeting the difficulty but that which was pursued. Tlio 
Editor hopes, however, to avoid such irregularity in the Ciucle of the iNDusintAL 
Auts. Por the convenience of the suWeribors to tho present Work, a copious scries 
of Directions to the Binder accompanies the present sheet, which, it is hoped, will 
obviate any confusion in binding the volumes. 


i 

I 

) 

1 


Axen ConxEn, Patetisoster Row. 
December 0, 1856. 



DIRECTIONS FOR THE BINDER. 


► 

77<<* Xumbtrt marked (•) indicate the Jirst Jtalf, and tltoee marked (t) the latter half. 


VOL. I.—OLOAXIO NATURE, Vor. 1. 

CoMrUI.SINO THE SkELETO.V .VXD TeCTH, I’llYSIOLOGY AND EtH.VOORAPHT. 

Contained in Nos. 1, 2, 5, 7, 9, 19, 12, 15, 17, 18,19, 21, and 25. The Map is intended 

to face page 305, 

VOL. II.—MATHEMATICS. 

Comprising AuiTiiMETif, Ai.geiiii\. with S<ii.vtiox.s, Pi.anp. and Piiacticai. 
Geometuy, TninosoMETRV, &o. 

Contained in Nos. .3, 0, 11, 11, 20. 10, 22, 29, 30, 32, 33, 35, 37, 38, and t-12; solutions 
to be bound at the end of the Vol. are comprised in Nos. 59, *G0, and the last eight 
pages of C5. 

VOL. III.—ORGANIC NATURE, Vol. 2. 

Comprising 1{i»tany, and tiii; Invertehuatk Animals. 

C.mtained in Nos. 39, 41, 13, 45, 18, 51, 40, 47, 49, 50, 53, 54, 56, 57,58, fCO, tG2. 


VOL. IV.—ELEMENTARY CHEMISTRY. 

COMPRIHINO ClIEMI.*iTRY OF THE IMPONDERABLE AoEXTS AND INORGANIC BoDIES. 

Contained in Nos. 55, 01, ♦02, 63, 64, 66, 67, 68, 70, 72, 75, 78, 82, tS8, 90, 92, 95, 
' t97, and four pages of 100 (Title). 


VOL. V.—INORG.4NIC NATURE. j 

Comprising GEoi.ooTr, Crystalloorapiiy, ^Mineralogy, &c. { 

Contained in Nos. 8, 13, 20, 23, 24, 27, 31, 34, 36, 40, *42, 44, 52, t77, fSO. fSS, fSl, j 
t86, t93, 90, 98, flOOi tl02, tl03» and 106 ; Map of Volcanoes to face Title-page. j 


VOL. VI.—ORGANIC NATURE, Voi. 3. 


CoMPiusiNO VEUTEBRArE*A nimals. 

ConUined in Nos. *66, 69, 71, 74, *77, 79, *80, *83, *84, *86, 87, *88, 91, *93, 
•97, 99, *100, 101, *102, *103, 104, 106, *106. 


DIBECTIOITS FOB THE BTNDEB. 


VOL. VII. 

CoMPBISlXO NaTIOATIOX, NAlfTICAL AsTROXOMT, AXD MbTEOROLOGV' 
Contained in Nos. 73, 76, 81, 85, 89, 94, 117, fllS, HS, 119, *120, *123, *124, *123, 
tl20, 121, 122, tl23, tl24, tl25, 126, 127, 12S, flSO, tl34 (Title.) 

VOL. VIII.—PRACTICAL CHEMISTRY. 

Comprising Elixtbo-Deposition, PH<m»rtUAriiY, Cuemistuv of Foon, axu 

Artificial Illumination. 

Contained in Nos, 107, 108, 109, 110, 111, 112, 113, 114, 115, *116, 129, *130, 131, 
132, 13.3, 134, 135, 136, tl41, tl42, tl43. , 

VOL. IX.—MECH.ANICAL PHILOSOPHY. “ 

Comprising Properties of M,vTrr.R, IIvimosTATics, IIvounoYNAMU's, Dynamicn, 
PxEr.MATics, Practical 3Ieciianics, and the Stf,am Exiu.ne. ' ^ 

Contained in Nos. 4, 28, 14-5, *146, *149, tl46, *147, 148, *1.^>0. *l.jl, 137, 1.3S, 
139, 140, *141, *142, *143, 144, tl47, fHO, floO, IH, l.'^2. 

The above being the order in Yvbieb they were publiahcu. 

Two Seta of Titles accompany each Volume, in order that it may he bound eith.T 
1 as a Complete Work or as a Volume of the Circle,” according to the wishes of Sub¬ 
scribers. 

Handsome Cloth Cases for binding the Volumes may he had of the Publishers 
Price 1«. each. 


"Wm. S. Orr and Co., 

Amen Comer, Paternoster Bow, London. 




CONTENTS. 


THE PROPERTIES OF MATTER. 


PAOV 


Forrp and Matter.1 

I Impondi-rablu and Pondcrnlile Matter 2 
.Simple ni 1 Compound Bodies . . 3 
The thi ee Mechanical States of 

Matter.4 

Divisibility of Matter.7 

M.itfer not Iiifinitely Divisible . . 7 

Atomic Themy.•. . 8 

Tensity of Matter.ft 

Theory of (Iravitation.10 

I'erturbutiuua of the Planetary 

System.11 

Weight and Measure of (iravity . . 12 

Gravity jmidueed by Repulsive Force 

of Ether.13 

Law of Inertia.14 

porosity of Bodies. 15 

Impenetrability of Matter .... 16 
Indestructibility of Matter ... 17 
The Molecular Forces.18 


I 

, VACE ! 

' Cohesion.IS j 

' CapiUary Attraction.19 j 

j Phenomena of Endosmosc and Ex> 

I osmose.20 

Diffusion of Gases.21 | 

Catalysis and Repulsion .... 21 j 

Elasticity of Bodies.22 j 

3Icchanical Effects of .Sound . . .23 

Capillary Repulsion.24 

Chemical Affinity.2o 

The Forces of Chemical Affinity . . 27 

Crystalline Force.28 

Systems of Crystallization .... 29 
Various forms of Snow Crystals . . 29 

('Icavage of Crystals.30 

Strengths of I^latcrials.30 

Simple Pressure and Impulse ... 31 
Relative Strength of Particular Sub¬ 
stances .32 

ilcat, Light, and Electricity ... 32 


STATICS. 


Transmission of Force.34 

Statics an Abstract Science . . .So 

Rest or Equilibrium.3d 

Apparent Rcstur Motion of Heavenly 

Bodies.36 

Modes of Measuring Forco ... 37 

The Dynamometer.37 

Unit of Force, how determined . . 38 

Unite of Length.39 

Unit of Time.40 


French Standards of Lcngtli and 


Weight.41 

Pressure and Tension.41 

Action and Reaction.42 

Geometrical Representation of Forces 42 
Resultant of Two Fon-cs ... .43 

Pai|llelogram of Forces .... 44 

Resultant of Forces.47 

Resolution of Forces.48 

Trianglo of Forces.48 




































X 


C0XTEST8. 


Polygon of Forces. 

49 

'^’^rho Magic Chick. 

Mathematical Determination of the 

rAlsK 

92 

Punallelopipcd of Forces .... 

60 


Condition of Equilibrium . . . 

60 

Centre of Gravity of a Heavy 


Bcsolved parts of Two Forces . . 

61 

Body. 

95 

Equilibrium of any number of 


Centre of Gravity of a llonioge- 


Forces acting on a Point . . . 

62 

ncous S<ilid. 

96 

Problems. 

6» 

Centre of Gravity of any Pyramid . 

97 

Equilibrium of a Itigid Body . . 

57 

Mechanical I’owers. 

99 

Moment of Forces and Fulcrum 

69 

The Lever. 

99 

Positive and ^iegativo Moments 

60 

^Thc Bent-lever Balance .... 

103 

licsultant of Two Purallcl Forces . 

61 ' 

The Common Bahanec. 

lOI 

Theory of Couples. 

61 

The Roman Stcelyaid t»r Bulant-e . 

108 

Axis of a Couple. 

66 

To Graduate the Ruinau Steelyard 

109 

Couples acting in the same Plane . 

68 

The Danish Steelyard .... 

110 

Kesultant Couple of Two Couples . 

69 

The Balance of tluiutenz .... 

111 

Couples acting in the same or in 


I’he Weiglung-raachine .... 

112 

Parallel Planes. 

71 

Robervid's Balance. 

113 

^lagnitudc and Direction of the Re* 


The Wheel and Axle. 

11> 

sxiltont of Parallel Forces . . . 

72 

Tootlied Wheels. 

117 

! Conditions of Equilibrium . . . 

To 

Bevel Wheels auid Ja(k . . . . 

119 

{ Centre of Gravity. 

79 

The PuUcy. 

120 

! Equilibrium of a Body when Sus- 


Single Moveable I'ulh-y .... 

1-21 

pended . 

81 

Systems of Pulleys. 

1-2-2 I 

Experimental Dctcrmiiiution of the 


The Inclined Plane. 

121 1 

Centre of Gravity. 

82 

The Wedge. 

125 

Stable and Unstable Equilibrium . 

88 

The Screw and Inclined Plane . 

126 

Centre of Gravity in Animal Bodies 

88 

On Friction. 

127 

DYNAMICS. 


SFXmOX I.—ACCEI.EIU.TIXO Fobcks. 

i 

The I’orallelogram of Vi locities 
Motion of Projectiles. 

139 

110 

1 Introductory. 

129 

Path of Projectile a Parabola 

111 

Uniform Rectilinear Motion . 

130 

Velocity at any Point of the Path . 

111 

Theory of Motion by a Single Ini- 


Range and Height of Pjujcetiles . 

142 

pulse. 

131 

Centiifugul Force. 

113 1 

Variable Rectilinear Motion . . . 

132 

Equal Areas described in Equal 


Accelerating Force. 

132 

Times. 

114 

Gravity regarded as a Constant 


Centrifugal Force in a Circle . . 

115 

Force. 

133 

Centrifugal Force at the Earth's 


^Uniform Accelerating Velocity . . 

134 

Surface. 

116 

Examples of Accclunitiug Force 

136 

Diminution of Gravity in Different 


Force Acting on Bodies already in 


Latitudes. 

147 

Motion.' 

Motion of Bodies down Inclined 

1§6 

Effects of Tangential Force . . . 

Skctiox II.—Movrxo Fobces. 

148 

Planes.. 

137 


. Dodies projected up Inclined Planes 

138 

Explanation of Terms. 

149 






























CONTENTS. 


xi 


r*OB 

Examples of Moving Forces . . .151 

Tension and Pressure.152 

Acceleration and Tension. . . .153 

Cullisinn of Podies.154 

Collision by Direct Impact . . . 155 


Modulus of Elasticity.156 

I'erfect and Iinpetfect Elasticity . 157 
Colliaion b}'Oblique Impact. . .158 
Newton’s Laws of Motion . . . 159 

Constants of use in Dynamics . . 160 


I 

I HYDROSTATICS. 


I Definitions.ICl 

Classification of Fluids . . . .162 

Fluid Elasticity .... 
'rransmissiun of Pressure . . 

j The Hydrostatic Paradox . . 

, Itiaiiioh’s Hydrostatic Press . 

Explanation of 'JVmis . 

Interpretation of Symbols 

Fluid I’rcssures. 

Pressures on Triangles and Rcct- 

' angles. 

, Pri'ssurc of Difiereiit Fluids . 

; Pressure on Concave Surfaces . 

j Vertical Pressuies. 

^ Itcsultant of all the I’rcssurcs . . 

The Centre of Pressure .... 
Centre of Pressure on a Parallelo- 

1 gram. 

j Specific Gravities of Hodies . . . 

I Specific Gravity of a Compound 


Volume determined from Specific 


Gravity.178 

The Hydrostatic Balance . . . .179 

Bodies Floating in Two Fluids . .180 

The Hydrometer.181 

Examples of Specific Gravities . .182 

Equilibrium of a Floating Body . 183 


Stable and Unstable Equilibrium . 185 
Determination of Metacentre . .186 

Fluids ComiuunicatiDg through 


Bent Tubes.187 

Equilibrium of Two Fluids in a 

Tube.188 

Equal Lengths of Fluids in a Cir¬ 
cular Tube.189 

Equilibrium of a Rotating Fluid . 190 

Rotating Fluids.191 

Capillary Attraction and Repulsion 192 
Form of Curve between two Plates 193 
Diameter of a Capillary Tube . . 194 


162 
. 163 

164 

165 

166 
167 
167 

169 

170 

171 

172 

173 

174 

175 
170 
177 


HYDRODYNAMICS. 


On the Motion of Fluids .... 195 
On the Spouting of Fluids from 

Orifices.196 

(Quantity of Fluid Discharged per 

minute.196 

I The Vena Controcta.197 

Computation of Horizontal Range . 198 


Varying Velocity of a Spouting 

Fluid.199 

Time of Emptying a Vessel . . . 200 

The Clepsydra or W'atcr-clock . .201 j 

The Resistance of Fluids .... 202 I 
Modification of Theoretical Results 203 j 
Maximum Efiects. 204 I 


PNEUMATICS. 


Transmission of Pressure .... 205 
Weight of a volume of Air . . . 206 

Law of Marriotte and Boyle . . . 207 

Experimental proof of the Law . . 208 


Law*of decrease of Atmospheric 


Density.209 

Formula for Measuring Heights by 
Barometer.210 

























xii 


I 


COKTEKTR. 


VAOI 

Application of the Fca-mulA . . .211 
‘ Weight of the trhole Atmosphere . 212 
Weight of the Atmosphere Calou> 

Isted.213 

The Distiller's and Wurtomburg ^ 

Syphon. 2n 

Intermitting Springs.215 

The Suction*pump.216 


r*oi 

Calculation of discharge of Water . 217 
Forcing-pump and Fire-engine . 218 
The Diring-boU and Condenser . 219 


The Wine-taster.220 

The Common Air-pump . . . .221 

Smeaton's Air-pump.222 

Tate’s Air-pump.223 

The Barometcr-gnugo.221 


PRACTICAL MECHANICS. 


Introductory Remarks.225 

Architecture and Machinery of An¬ 
tiquity .226 

Connection of Mechanics and 
Chemistry.227 


Strength of Materials a a a • .•28 

On Communicating Power . . . 220 

Mode of Calculating P«iwcr . . . 230 

Standard of Mechanical Power . .231 

Modes of Applying Power . . . 232 
Friction in Machinery .... 233 
Powers for Regulating Machines . 231 

Nature of Machines.235 

Machinery for Measuring and Cal¬ 


culating . . .230 

Mechaktcai. Drawtoo. 
Knowledge of Drawing essential . 237 
Plane Surfaces.238 


Drawing Cubes and Cylinders . . 239 

Objects of Mechanical Drawing . 240 
Horizontal Projection . . . .211 
Drawing Side Elevations . • .242 

Value of Parallel Lines . . . .243 
Sectional Plan and Elevation . 214 
Drawing Curved Lines .... 245 
Drawing the Thrcadwl Roller . .246 


Drawing Scrcw-curvca .... 247 

Intersections.249 

Hatching and Shading . . • .251 

Shadows and Shades.252 

Drawing Solid Forms.253 

Lines of Projections . . . . • • 254 
Drawing Compound Lines . . . *255 

Tinting.256 

Optical effects of Shading . . . 257 


Instruments required for Mechanical 

Drawing.258 

Drawing the Hexagon.25'J 

Measuring Round Curves . . . 2G0 

Strenotii of Matekials. 

Tension.201 

Testing Bodies by Tension . . . 202 

Results of Prat tieal Experiments . ‘203 
Cohesive Strengtli of Hemp and Iri>n 

Bars.264 

Rules ftr Caleulating Strength of 

Materials.205 

Colu'sive Strength of Different .VI u- 

terinls.2G7 

Effects of Internal Pressure on a 

Square.268 

Thickness of Matcri.al does not Con¬ 
stitute Strength.270 

Rules for Ctkinpiiting Strength ef 

Ropes and Chains.271 

Materials Tested by Compression . 272 
InHucnce of Height on IVessure . 273 
1 Influence of Pressure on Building 


Materials.274 

Resisting Power of Materials to 

Crushing Force.275 

Transverse Strain.275 

Effects of Tran verso Strain . . .276 

Transverse Strain on a l^rojccting 

Beam.277 

Distribution of Weights on Project¬ 
ing Beams.278 

Transverse Strength of Materials . 279 
Formula for Calculating Strength 
of Beams.280 


































CONTENTS. 


rtoB 


Siren^h of Circular Beams . . .281 
StrcngUi of a Beam Supported in 

the Centre.282 

Strength of a Beam Supported at 

both Ends.283 

Increased Strength of a Fixed Beam 284 
EfTect of Tension and Compression 265 
Effect of Transverse Strain on Bend¬ 
ing Materials.286 

La\i’ of Deflection.287 

Defier tiou of Beams varying in Ma¬ 
terial .288 

Cuntnranccs fur Strengthening 

Beams.289 

Di!lpL>^ul of Material to securo 

Strength.290 

Strength of a I’rojr'ctiiig Beam . .291 

Strain on a Beam 8up]>orted at both 

ends.292 

Buies fur Computing tlio Strength 

of Beams.293 

Biiles for Caleulatiug Transverse 

Si length.294 

Stri'Tigth of I)ifrcrent-sha)ieil Beams 295 
Buies for Culeuluting Stiength l‘ro- 

duit.296 

Cases where llules do not apply . 297 
Strength lequircd to resist Twisting 
Motion.298 


Dimensions of Bosisting Shaft . . 299 

Besistanco to Separation b}' Tutsiun 300 
Effeets of Exeessivo Torsion . . . 301 

AdA'iUitage of Hollow Shafting . . 3Q2 

Table tff Torsive Strengths of Cylin- 

drieal Shafts.303 

Ba;>id Rotation decreases the Tor¬ 
sive Strain.304 

Clipping or Shearing Stmin . . . 305 

Slit'aring Strain of Dins .... 306 
Power of Resistance to the Shearing 

Strain.307 

Force required to Punch a Holo . 308 

SuxuicES OP Mechanical PowEn. 

MuBi'ulor Power of Mcn and Animals 309 
Mode of Action of Muscular Power 310 
Rotatory Motion.311 


r4a8 

Natural MovementsofAirandWater 312 
Table of the Velocity of Winds . .314 
Action of the Wind . . . . . 315 
Loss of Power from Obliquity . . 316 
Computation of the Power of the 


. Wind.317 

Resistance of the Immersed Vessel 318 
Construction of the Horizontal 

Windmill ..318 

Angles of the Sails of a Windmill . 320 
Angles of Inclination for Windmill 

Sails.321 

Apparatus for Regulating Windmills 322 
Apparatus fur Shifting the Mill-shaft 323 
Velocity of a Windmill , . . . 324 

Power of a Windmill.325 


Advantages of Windmills .... 326 j 
Water as a Moti%'e Power . . . 327 j 

Watcr-pressure on a Float-board . 328 
■N’clocity of Stream over Float . . 329 

Estimated Speed of Rivers . . . 330 

Mode of Increasing Water-speed . 331 

The Overshot-whcel.332 

Advantages of tlic Overshot-wheel. 333 
Arrangement of the Buckets . . . 334 

Rules fur Calculating Velocity . . 335 

Mode of Regulating Velocity. . .336 

Velocity Dependent on Height of 

Fair.337 

Chain of Buckets and Brcast-whccls 338 
ComparativePowerofBreast-wheels .339 
Estimated Power of Breast-wheels . 340 
Reasons fur Terms Employed . . 341 

Rcst'rvnirs.342 

Adaptations of Water-power . . 343 j 

Regulating Velocity of Water¬ 


wheels . 344 j 

Comparative Velocity of Deep and 

Shallow Streams. 345 ! 

The Turbine-wheel. 346 j 

Estimated Power of Turbine-wheels 347 i 
Contrivances for Raising Water . S48 | 

The Hydraulic Rom. 349 j 

Estimated Power of the Hydraulic | 

, l?Mn. 350 I 

Weight and Elasticity of Bodies . 351 i 
Regulating Powers. 352 j 






























xiv 


CONTEXTS. 


r4o> 

The Striking Apparatus of a Clock. 353 
GoTvming Power of Springs . . 354 
Bagulating Weights and Springs . 355 
I The Hydraulic Lift and Crane . . 356 


rAOB 

Bcgulating Power by Water^prcs- 

Bure.357 

Heat, Eleetricitr, and Magnetism 
as Sources of Power .... 358 


THE STEAM-EXGINE. 


Introductory Remarks.360 

Expansive Power of Liquids . . . 360 

Pressure of Atmospheric Air. . . 361 

Marriott’s Law of Gases .... 362 
Elasticity and Pressure of Fluids . 263 
Steam measiired in inches of Mer¬ 


cury .364 

Estimated Volume of Steam . . . 365 

Formula for Calculating Power of 

an Engine.367 

Application of Marriott’s IjSw . . 368 

Power Derelopcd by the Expansion 

of Steam.369 

The Steam-boiler.370 

Construction of Steam-boilers .371 


Extent of Flue-surface .... 372 
Dimensions and Power of Steam- 

boiler .373 

Diameter of Tubtj and Boiler .375 

Marine Steam-boiler.376 

. 377 

. 378 

. 379 

. 380 

. .381 

. 382 


! Operation of Riveting Plates 
' Smoke-consuming Apparatiu 
Cleansing Marine Boilers. 

‘ To ascertain the Water-level 
Self-feeding Water Apparatus 
The Safety-valve .... 

Steam-preasurc on the Safety-valve 383 
The Spring-balance in Locomotives 384 

The Steam-gauge.385 

Self-acting Valves.886 

The Double-beat Valve .... 387 

The Slide-jacket.388 

The Cylindrical Slide.389 

The Relief-valve.390 

The Packing-ring.391 

The Stop and Throttle-valve . . 392 

r Feed-pump and Valve.^9^ 

The PisUm-rod and Crank . . . 394 
The Connecting-rod.395 


The Flv-wheel. 

396 ! 

The Kev orWe<lge. 

397 

Cranks and Crank-pins . . . . 

39S 

Ercentric Motion. 

399 

Link Motion for Engines . . . . 

401 

Cam Apparatus for Gloving Slides . 

402 

Conical Governor. 

40.3 

Formula fiir Regulating Govenjors 

•104 

Pump for Regulating Spr*«*d . . 

406 

Table-engine De»eril»e«i . . . . 

407 

Adjustment of Slides and Eceontrie 

409 

The Indicator. 

410 

Formula for Measuring I’owcr . 

412 

Value of the Indicator. 

41.3 

Size of Steam Passages . . . , 

415 

High-pressure and Condeusuig En- 


gines Compared. 

416 

Savory's Engine. 

417 

Newcomen’s Engine. 

418 

The CondensiT. 

419 ' 

Action of the Air-pump .... 

421 ! 

Watt’s Parallel Motion . . . . 

422 ; 

The Cornish Engine. 

42.3 1 

Double-acting Beam-engine . . . 

424 1 

Marine Engine. 

425 j 

Rotary Engines. 

426 1 

ArrucATioNs of STi;Ai(-PowEn 


Pumping Apparatus. 

428 

Pumping in Docks and for Water 


Supply. 

430 

Driving Machinery. 

431 

Driving-powers of Steam .... 

432 

Locomotive Engines. 

433 

Propulsion of Vessels. 

4.34 

The Screw-Propeller. 

435 

The CoMUUNICATlOK OF PoWEB. 


Rotary Motion. 

438 






























CONTENTS, 


XV 


FiOB 

Kt'yit and Feathers.430 

Application of Clutches .... 440 

Universal-joint.441 

Plummer-blocks.442 

Soft-metal Bushes.443 

Direct and Reversed Rotation . . 444 

Conical Pulleys.445 

Sets of Pulleys.446 

Shifting; Straps by Fork .... 447 

Toothed AVheels.448 

Pitch of Toothed Wheels .... 440 
I’crmnnoiicy of Mechanical Power . 460 

True Forms of Teeth.451 

Velocity of Toothed Wheel . . . 452 

The Involute of a Circle .... 453 
Pitch Radiu.s of a Wheel .... 454 

Tanpent of Pulleys.455 

Revel Oearinp.456 

Veloeities of Bevel Gearing . . . 457 

Form of Teeth for Pinions . . 458 

Worm aijd Wheel Gearing . . . 450 


_ no* 

Teeth for Worm and Wheel Gearing 460 

Obliquity of the Screw.461 

Reciprocating Movement.... 462 
Eccentric and Ratchet Wheels . . 464 

Rotating Cylinder.465 

Reversing by Cross Pulleys . . . 466 

Reversing by Toothed Gearing . . 467 

Screw Gearing for the Lathe . . 468 

Micrometer Screw. 460 1 

Rotary Motion for Slotting-machine 470 | 

Sun and Planet Wheel .... 471 j 

Friction-straps.472 

The Dynamometer.474 

Force of Friction.476 

Table of the Friction of Different 

Materials.477 

Effects of Case-hardening.... 478 

Friction of Shafts on Pulleys . . 479 

Friction of a Coil of Ropes . . . 480 

The Atmospheric Railway . . . 481 1 

Rules and Tables . . . 482-496 




















THE rROrEiniES of matter. 


physics.— Natural rJnlo>f»phy. or, as it i« somrlimos called, Physics, from a Greek 
vi'ord : i^iiifyir.p Nr.furc, crtibrucca within it', raii^v" nil the phenomena asd laws of the 
(•\t( mal u orlil, \.hile th;* .•science of Aletaidiysic.- investiarnte^ those of mind and thought 
'J'aking I'ht.'K .. thorefoiv, in its widest .‘.lu-.e, it inuel necessarily include Natural His¬ 
tory and CJienii^try, ii- well a< their auxiliary si-ience*. It has been customary, however, 
to restrict its ajtphcation to Meehani<'al I'liilo.«ophy, and the laws and properties of heat, 
light, and cle< tricity. 

All bodies :ire either wdid or fluid; and eon sidering gases and x’apours as clastic fluids, 

and ... ul ]>hilosO]>hy investigating the law.s of rc d and motion of bodies w'hcn acted 

on by any forces, the subject may bt‘ divided into four divisions—Statics and Hydrosta¬ 
tics, wliieh treat of the equilibriiun of solids and fluids ; and Dj'namics and Hydrodj’na- 
inies, which tix'iit of their motion. Astronomy, the figure of the earth, and Acoustics, 
are nil branches of mechanics, ns they dept'iid upon the laws of equilibrium of cither 
solids or fluids. 

Fo>c« ab 4 Kattex. —Force and matter, and their mutual influence on each other, 
are the great objects of Natiuul Philosophy. It is clear, therefore, that some knowledge 
of their nature and properties must form a nweasary introduction to the study of Physics; 
hut, at the x'cr}’ commenccnicni of our luidcrtaking, must confess our ignorance of the 
essential nature Iwth of matter and force. "We diave an intuitive conviction of their 
cxistciUM' ; we know’ a great deal about them—every fresh accession to our knowledge 
increases our power ox’or them; the steam-engine and the oleetrio telegraph are results 
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FOECE AND MATTEE COREELATITE TERMS. 


trilioli Iwvio^qpnuig from ottr aequaintanee ^rith tlnuir lavra; but tht* mort> profoundly wo 
invettSgits (bcir rolttioiw, the mere ire bceoMo eoAvixiecd of our iguoranco, and the wide 
24id of diiseoTcry which itiU lice befot« us. We eeo a loadstone attract a piece of iron, 
■Bid wo find it attract one end of a inagiiotic needle and repel the other, ai^ wo ttttrilmtc 
tide attractuoi and repulsio* to the existence of a force in the loadstoao^ whach ve call 
tlte uaigpetifl force ; wo see also a stOMS lot fitli frusn the hand descend to iba ]|pmmd, and 
wo aioiibc its descent to tile attraction of the ravtii : wc call the tane wfatok produces 
this offiMt gravity. Now, wo can iutooligate the lawa of the »"*B***'*^* foMca at well as 
thooe of graiitatioak, and estimate thc>ir efibete on material bodies; yot, after alV wo 
be obliged, with I>r» Toung, ** to acknowledge onr total ignonmee of the intiniadifmitnrn 
of tinoes of every descriptioB !’* 

Whenever we see a body in motion, wc ottri'iutc its mdioa to the cxistCMt of a 
force. A ehipflftils by Hm force of the wind and tide, a boat ispMpoUodhy the 
force of the rawer, and a looomotiTc by the expansion of the stoam genentod in tha 
boiler; in addltioi& to this, wo find that two or more forci‘.<* a tueh, actingsoperatcly on u 
body, would oath cause the body to mow. nicy bo bo aj^lu d as to coantvrart each otht r'!> 
effects, and keep it at n’St. Wo may thcircforo defllio force to ba that which <‘ithcr ]ii < >- 
duces, or tends to produce motion. 

Having thus arrived at a definition of fertc, wc may bo able to rd.t.uri otx‘ for r. 
as matter is that which is edther moved, or eon be moved by fop’e. 

Force and mattir mav thus be u)n.iiileml comlativc term.*-, nnd *' ■ should b«- ur.nbh 
to arrive at a knowl<*dgc‘ of the < .\i>Tcnce of tJu i n- , Withuui tlu> aid > t' the other 
particle of matter in the wnivi r.-- i< i t.cIom . d n ith di>tini t proju rtii s i.f Um v. « hi/ Ii til 
it in many marvellous way.s to ac.t on othi r j>arlii-l' /if matter. Ibov main ofthcM- ai- 
.still hidden from the re-cart hi-s of the hitman mind, we know not; hut thi., v. c /!<> kiiov , 
that all the fdi'-nomciia of th*- i\t' m.d woild, \iliieh we tan txjilain. eun Im- ti.imi ti< 
these properties of force to whi/h we tan a-crih" no utlitr oiicin. when wt i i nit nij lalt 
the wisdom of their application, than ihi will of an almiuhiy and all-wi'^e Cnattii. 
unless we would he guilty of the foUy of believing that iht- print wliich now meet' 
the eye of the reader, owed its cxistmee to no other / aiise than the uttrauion of 
the ink for the paper, occurring by chance, without the interv'ention t>f an inl<-lligi*nt 
agent. ^ 

Matter which can bo acted on by the for/^' of gravitation is e«alled iMmdrrahle, 
while that which is unaffected by it is tt rimvl iinpoiuh raldo. The particles of light, 
caloric or the principle of heat, the electric fluids and ether, are the only known 
imponderable dements. 

Xanpoadnnbln lCattMr>—^Tho prevailing opinion at present is, that heat, light, 
and electricity are not tiicmedvcs composed of material partielcs, but arc produced by 
vilnrations of unknown and highly clastic fluids called ethers, which aro supposed to fill 
the whole nniverso, and penetrate the pores of all solid and fluid bodies. Whether the 
ether, which is supposed to proilucc light by its vibrations, bo the same as the ether, to 
jrhich tlie effects of heat and electricity arc attributed, can only at present be matter of 
comjeetnre, though the advanoo of natural soienco every day leads us to new facts, 
which seem to infer heat, light, and dectrioity to the modifioatioiM of some common 

VoadinMn MafflWb— AU boifiM composed of ponderaUo msttor smy be divided 
fi firt simplo and oonpound snhstanoan By simple sttbttuiesi, we mean thoao which 
be ntelrad the dbeniat into aoy simpler dements : tiuu gold, silver, and 
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inm arc siinptle sabstancea; braaa and atoel are ooxnpound, bnua being composed of 
copper and zinc, steel of iron and carbem. The copper, zino, iron, andcarbonare all 
considered elementary substances, since we havo not been able to find any simple sub> 
Ktanoos which, combined together, will form them ; nor have we been able to resolve 
them into any otUci substances than thcmselTcs. 

The number of elementary, or, perhaps speaking more correctly, undecomposiblc 
ponderable substances hitherto discovered amounts to sixty-tbree; two or three of 
these arc perhaps doubtful, the analysis from which their existence has been assumed 
rt'quiring furthtT confirmation. These elementary substances may be divided into ta'o 
classes—metalloids, or non>metalIlc elements, and metals. There arc twelve non- 
metallic cli'mcnt'4—oxygen, fluorine, chlorine, bromine, iodine, selenium, sulphur, phos« 
phonu, b<min, carbon, hydrogen, and nitrojjo^n; the rest of the elements are metals. 
This division is, however, in a considerable degreo orbitrary; silicium is sometimes 
regarded as a non-tnetallie Ijwidy, and iodine and bromine as metals. 

All ponderable math r hitherto di8eoven>d eciusists cither of some one or other ol 
these elementary IkkUcs, nr is a compound formed by the combination ol two or more 
• f them. Water will afibrd u familiar instance of a compound substance. It is eom- 
jn)se*l of twn elcmenta>y bodies, oxygen and by-lrogen, combined together in the pro¬ 
portion of r»ne part of lijdrogcn by weight, to eight ^Muts of oxygen by weight, or two 
nic.-iMires t>f hy«b-»>gen to one measure of oxygen, w'hcn we take as our measure the 
nibie spai'jr occupied by the gases «mder the s-ame jjTcs.sure and at the same temperafure. 
'I'his is proved by anuly.si.s, or tho decomposition of w'atcy into its elements, and by 
-jmthe.Mis, <*r the oonipisition of w'ator by the combination of its elements. The analysis 
of water iN'nutifully sho-wn by 
means of galvanism. If two hol¬ 
low square class prisms, closeil 
at (1 and If, whose bases an* each 
equal to .a stpiare inch, and gra¬ 
duated by a scale of inches along 
one of their edges, so as to show 
the luuiiber of cubic in(lie.s they 
contain, be filled with water, and 
placed inverted in a vessel A H, abo 
(‘ontaining water, in such a manner 
that the prisms may remain full 
of water; if now the wires of a 
galvanic battery, terminated each 
by a piece of platinum Ibil, be introduced into tho vessel, so that the platinum foil forming 
the positive polo of the battery may be within the prism O, and that framing the negative 
in II; so soon as the battery is set in action, bubbles of gas. will rise, as it were, from the 
platinum foil, and occupy the upper portion of the prisms. The gas in tlie upper part 
of 0 will be pure oxygen, and that in H pure hydrogen. Tho gas in H- will always 
occupy twice tho spaeo of that in 0; but if the gas generated in any given time in O be 
weighed against that generated in H, though only half in bnUc, it be eight times as 
heavy. For this heautiftil mctiiod of analysing water, wo are indehted to Nioholion 
and-Oariirie. If now we mix the oxygen in 0*with the hydrogen in H, both gases 
will entirely disappear on an electric spssic being passed threugh them, and their {daea 
win be oocttpied by pure water, equal in wei^t to the sum of the weighta-of theMm 
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gases i and thia prorea the rompoaition of vratvr b) eyntheais, or the combination of its 
clcmenta. We are thus euablcHl, bv means of okrtricity, to shov the eumpusiiion of 
antter, both analytically and synthetically. The cumpusitinti ol water can alao be deter¬ 
mined by making one or other of its elements eombiue a ith other elements, which ia 
the chemical mode of auolrsis. 

By methods similar to those einpliucd fur the nnolvsis of water, all comjtound 
substonecs hitherto met with li:i\e bmi unalvM.'d, and their constituent elements deter¬ 
mined; it does not fallow, lioucvcr, that these elements may nut hereafter be shown ■ 
; to be either conii>ounil< of one jjn tther, or eoniiHKicd of elements not yet discovered, 
i For a long time the well-known Mib'tanees jxitash and soda were regarded as elemen- 
! tary, until Davy, by means of hi.s iH>«errul gtilvauie battery, resolved them into eoni- 
j bioations of the gas oxygen, itlt the hitherto unkitown metals |Kita.>siuni and sodium—- 
I metals .so light n.. to swim eu water, and so iuiLimmabh' us to br set on tire by men 
j eonta; t with water. 

J In animal and veg.'table bodies, th*- vital f^ree, whatever it may W, k able, out of 
! the four elements, oxygen, hydrogvu. nitrogen, and carbon, !<> form a number of <om- 
i pound-f which seem to defy our p.>w, i> of tmimemtiou. Liebig telU us that in lining ' 
' KmIics, “ with carlxm and nitrogen, with larbeiti. lijdn»gen,-nnd oxygi-n, with nitrogen 
and hydrogen, are formf'd corojamnd atonus, which in their pmpertics ore pirfeetl\ 
analogous to ehloririi-, to oxygen, or to aulphur, <ir to a mt tiillie Isidy—not in ii few 
! isolated points of resemblance, but in all their jmijx itics. It ie seareely pi>N'>ible to 
imagine anything more wondei-ful than th.it earlion an<l nitrogen hlioulii form :i ga«i ou 9 
compound (cyanogen), in wliich metals burn with the otolution of light and heat, 

03 in oxv'gon gas; a eompmnd sukstani e. whiih in it- proi»ertic> and dejKirtnieiit k 
a simple substarn'e,—an r////cv.Y, the siHaIle.-(t partiiies of whif h pos-i-ss tin- same form 
as those of ehlorine, bromine, and iixliue, simr it replaces them in th* ir t oinbiiialicn'' 
without any alteration in the crystalline form of the compound.’'—I.inin.'s LrUart cn 
ChemUtrp. 

From this we may not unreasonably conclude tliat it i.s probable tliat, as rhe- 
nmtry advances, the number of so called elementary Mibitanies n^ay Ik* lomnilerably 
diminuhed. 

TlM thMC Mechanical States of Mattes. —All iionderable matter is f<ji;nd | 
in one or otlier of three stale.^—the solid, liquid, or aerifonn. wjul body is com- ! 
liosKsi of particles of matter united tog<‘ther by fnrcc.s whi< li cause ihi* body to retain 
its shape unaltered, except the particlc-s are forced osundi'r or dis}tlaeed by stunc degm- ' 
of yioleni'c; a lailid body i.s con-iidered hard or soft, according as it requires a greater or 
less degree of force to alter it.s form or dispbioc its partiiies, Tlie iMirtiili’.'J which form 
a liquid Isjdy, arc united together in such manner as to allow* tliom to move about j 
one another with great freedom and with but little friction ; a lupud eonsequeiitly yields 
80 readily to cxti-rnal force or pressure, that it retains no form of it.s own, but readih 
aasumt's that tif any vessil in w*hieh it may be plautsd, withiiut oltering its rulume. \ 
A gas or aeriform fluid is one whose particles mutually repel each utli -r ui such a 
naaner that a gas Ixas neither definite form nor volume; iu form and volume being 
only limited by the vesoel in w'hiuh it is inclosed, or by the pressure exerted on it. 

A quantity of gas, however small, ipay be made to fill a vcawl of any size or sliapc. 

Heat and pressure seom to be chief^causes of bodies existing in each of these three 
stttteo, and it is probable that there ia a particular temperature and pressure for every 
•olid body at which it would assume any one of these three states. There is no solid 
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^ubstanco known which may not bo rendered lipoid, and finally converted into vapour, 
by tho application of a heat suflleicntly intcmio; and we may reasonably conclude *h wt, 
all bodies which are liqiiid would become solid or freeze, if we could sufficiently reduce 
their temperature, although some liquids havo hitherto resisted the greatest amount of 
cold we have bcK>n able to procure by artificial mean<4. Some vapours or atiriform fluids 
are readily condensed by cold into the liquid idate; others require great intensity of 
cold, or great pressiuv, or both combined, to render them liquid; and we may infer, from 
the gases already condenwMl by cold ami pressun-, that all might be, could wo only 
procure the necessary degree of eold and pressure. 

Wat('r is known in three states—the solid, the liquid, and the aeriform; and the 
nmoiint of heat by whieh it is influenced at the moment determines its existence in one 
or otlier of these three c<uiditions, Quit'ksilvor, which like water is liquid at the ordi¬ 
nary temperature of the earth's «urfa<*e, is known in the solid state during tho winter 
of the arctic regions; and by a tcniperatiire .such as that at which oil boils it is eonvcrteii 
into vapour. Sulpliurie .arid, that is oil of vitriol, when wholly df:priv<*d of water, is 
known in the solltL the licpiid, and tlie aeriform .states, oceonling to the temperature to 
whieh it is subjerted. Siilphiireiis acid, the body formed by burning sulphur in the 
•air, is a gas at onlinarj' temp* ratures, but on being exiio.sed to colil, that is, being 
deprivi'd of souse portion of its heat (for the idea that cold is a positive quality seems 
now wholly iibamlimcd), is converted into a liquid. 

Ohenii.st.s t<*nu tho.se aeriform hmlie-s whi<-h e.vist in that state at tho ordinarj’ tem- 
peratun* of Ute ntinofi[»hen“, “ ga.st*s;” while they restrict the use of the term ‘“vaiKmr" 
to those M'hieh rc'quire a higher temperature to n’tain them in the atTiform state. By 
this rule, water in the aeriform state is called a vapour, while sulphurous acid, which 
requires eold to eonvert it info the liquid state, is called a ga.s. 

Some bodies are known cmly in the ae'riform state, or as ga.ses; that is, the means 
of eonverting them into the li<piid and solid forms have not yet been discovered. 
()xyg"n gas, or th.at element of the atmosphere which is essential to tho support of 
ordiTi.irj’ eomhiistion .and of animal and vegetable life, is an example. This gas has 
hitherto resisted all tlie attempts made by the joint eSforfs of cold and pre.ssuro to con¬ 
dense it into a liquid or a s.»lid. It is not Uierofore to bo comduded that it is impos¬ 
sible for oxygen gas t«> exist in the liquid or in the solid state; but only that this 
conversion requires a greater ainniint of eold, or a gi'cator am.mnt of pressure, or of 
both eonjoino<l, than sciemx' b.-us as yet at its command. 

A number of iK-dies which exist at common tempfratures as gases, tan bo con¬ 
verted into liquids by the j<»int t'tfeet of et)ld and pressure; a few, like sulphurous 
acid gas, already mentioned, are changtHl fnnii the ga«eoiis to the liquid state by cold 
alone. 

Some bodies, as the metsd arsenic-, hy the ( ffect of heat, at least undt'r the ordinary 
atmospheric pressure, pass at onee from the salid b> tho aeriform state. Carbonic acid, 
the gas whit'll escapes in the effervc.seent'e of soda wati r, at the freezing point of water 
(3*2® Pohr.), is eondenst'd by a considerable pressure inb* a liquid, and then, being relieved 
from pressure, part of it passes into a solid by the cffi'Ot of the cold produe^jd by its ow'n 
evaporation. Hencx*, os earlionic neid is not known as a liquid, except imdcr great 
pressure, it must bo regarded as an example of a solid, which passes, under tho ordinaxy 
prcBsnro of the atmosphere, at once into Iho aiii-tform state. Carbonic acid is tho only 
instance yet known of a solidified gas. 

From what wo havo thus incidentally said, it sufficiently appears how much tho 
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prcsmre of the almosphere proTniling at any maacnt must influence the pn^orties 
(it beffies. 

Sasr fu BofliM enn «xist itt Om Umm MsmhnninnI •UtM.—AAer the 

preceding details, we {^pear tu be in a condition to detenniuo how far it is wamnt* 
able to aacume it to be a law, that nil bodies are capable of existing in the solid, 
the liquid, and the aeriform Ktatt^. - One great limitation to tliis proposition at onci’ 
sngg'ista itself, namely, that many compound bodies cxbting in the solid state are 
deramposed by heat, before any indication is shown cither of fusion or liquefaction. 
Some nf these, howeviT. b -eoine fitH*d without decomposition, adicn, together with a 


high temperature, a ^uflieu'nt amount of prt'ssure is applied. Thus iimeston-.-, termed 
W cheniist.<» rarlwnale ijf lime, and consisting of quick lime and carbonic aiid, wlteii 
exposed in a lime-kiln to h.-ut, givc.s olf carbonic acid gas, and becomes coirvcrtcd into 
quick liin-'; but, if a very strong prt'ssure bo applied at the same tune with iho iu ut. 


I 

I 

t 


the liir-esMce fuses wdthoat losing any part of its volatile ingredi.'nt. After the dtxlue- 
tion, however, of all the cases of this tuirt, the I'.umber of exceptions occurring ui the 
list of compound boilies is very gn-Mt; jKirticularly when oigoiiii- compoimds, that h, 
the animal and vegetable solids, are itidiid- d. 

But lot us exaiiiinc linw’ far it will hold n-* a law of nature that all ^Ii.lJ>l'' bodies a;e 
capable of existing in th*' s-ilitl, the liquid, and tho airiforin rtats.s. pr.>\iJtil unliiiulni 
means weri* afford, d of iic r ".'ini; or dimini-shing leinp, raliire. 

Of the sixty-three simple bodies. tiv<> exL-l at tli onlinory P’jnji^r.iturii of the 
atmosphere, in the aeriform state, namely. oxyg\‘ii, chlorin--, daoiiii-, rutrngon, and 
hydrogen; two in the liquid state, tlic one non-metaliic, broniiiie, and tic otl; r mctullir 
quicksilvt*r. The remaining simpb* bmlics exist naturally as 

Of the live eu-eous simple bodies, none havens y«t bis-u conveitcil into tlie solid 
state, and only one into the liquid state, namely, chloriiu. , andtlii-i git-, umreover, not 
when dry. but when combined with moisture, forms erystaLs. 

The two natural liquids bnnnine and quicksilviT, ore known in tlif sidid and the 


aeriform. n.s w t il CiS in the liquid state, accordiuK to the tcaqn raturc tt» wliich they 
are oxposciL 

Of the non-metallic simple »ilid bodies, four arc kno%»'n al.'o in the liquid and aeri¬ 
form states, namely, iodine, sulphur, pho.sphorus, and silcniuin. 

The metallic solids an* all fusible, or at least till that have been suffic.u!i)itly examined; 
the heat required Iwdng ven* varioua—fr-mi below the boiling point, to the highoKt 
tcmptTWturc* which the oxy-hydrogen hlow-pipe enn pitkluce. 

Thus, of the sixtj'-threc simple bodie.? in modem cheniUtry, no more than thirteen 
are kn'»wn as existing under any ordinary variation of tcmpersiture in the throe 
mechanical states of solid, liquid, and aerifunn. (If the remainder, all hut eight arc 
known in two of these statf's, namely, Uie solid and tlic liquid; wlule only one, namely, 
chlofrino, i.s known in the liquid and in the gaseous states, witliuut being also known in 
the mM stab.'. 

If, then, it bo assumed to bo a law of nature that all simple bodies are eapublo of 
existing in the three mechaniool ntatas, solid, liquid, and aeriform, the assumption zosts 
on tiic not improbalde supposition, that the fliilure to exhibit all these bodies in each 
of these three states, arises from th%.inabiUty of the chemists as yvt to produce a sof- 
fietent degree of heat, or a sufficient de|[gec of cold for the purpose. 

SiTiaiMlity of Mattox.—^AVhc^cr matter is or is not infinitely divisible, has 
long been a matter of lUsputc, and still remains so; indeed, wo have not any evidanoc 
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for the one opinion or the other which can bo decnfod' ■trietlj’ oondusivc; and perhaps 
the subject may be one which may for ever elude our powers of analysis. That space 
may be infooitily divisihle, appears to be one of the axiomatic principles of Geometry, 
and seems, indeed, involved in our definition of a gearaetiical point, urhich wc define 
to be '‘That which has no parts, and which has no magnitude.” But wc must 
remember that thii geometrical point, as well as the line, which has length witlmut 
brcad'.h, which we may conceive to bu formed by the motion of this point, is only a 
mental abstraction, and can hardly he said to hare a physical existence. The smallest 
line wliich wc can suppose to exist, can vet be divided gc»metrioilly into its thou¬ 
sandth, or inilliunth part, and that millionth part again into its millionth, and so on 
forever; for if we enme nny where to a jsiint where onr dinsion eould proceed no 
farther, however minute might be the length of our nltimatcdy indivisible line, we 
should arrive at a point which had partn atid magnitude. 

If we eonecive matter infinitely divisiiih-, in tlie same sense that a geometrical 
solid is infinitely divisible, ve should arriM* at a physical ]ioiut, which, like the 
g»'ome‘ricii! one, would Itf; without parts or magnitude; for if posscRscd of parts or mag¬ 
nitude, it (ould not have lutii infinitely divided. Those, therefore, who hold that 
inatfiT is infinitt\ely divi.-i’.de, must <'oneei\e all iii.atter to Im' eomiioscd of an infinite 
i nuinhrr of j*li)ri>'.,I poiiiti, and maintain the .‘•i-c ir.iiig paradox that an infinite number 
! of Illlthina^ mtiy make a something. This paradox is not confined to Pli\>ies,—it lies at 
I tl’.o root of gmrnelry, and iufei is our hi. !»’«,; mathematical analyses, in apito of 
I all tJi" iinronions suhth'tie.s which liavf hten invented to get rid of it. If tlic 
I hypotlicd^ of the iufiiute divi.-iibilityof matter be ti'ue, the physical points to 
whiih matter mu«t be e(in<'eivcd to Ik* ultimately reduced, must be without 
voluie.i', a:id <l-Vitn'i of \Ahat we gem r.illy suppi.*■••.* to be the ordinary attributes of 
the ultimate partiele.v of nntU r—solidity and irapi'nctrability. They an-, in fact, mere 
]ioints, uliieh an* cenlris of force. The ultimate partieU* of matter which can no 
longer be divided, is called an atom, a temi denve«l from thi* Greek language, signifying 
that which cannot Ik* cut. According to the tlii-orj-, tlicn-forc, of the infinite divisibiiit}’ 
of matter, the ultimate atoms are atoms nr moleeulcs of force, destitute of any solid 
nnclei. This is the tlieorj- of Boseovii h. wliich hxs lately been revived, with great 
force and most powerful rco.«oning, by Faraiiay. as the only satisfactory hyxMthesis for 
the constitution of matter viewc*d in nlation to the olei-lTic and magnetic forces. 

'JTiat matti r is not infinitely (li\-i.‘-iblc, h.as boon held by some of the most diatin- 
gnislu'd natural philosophers, foremost among whom we must jilnee Newton. They 
rnaintain that the ultimate partiebsi of luattc'r are b.ard and solid, and therefore of a 
definite mass and volume; tliough they are so small os to defy all our optical instru¬ 
ments, howexcr great their magnifying power, to enable us In perceive them, oven 
suppasing we had mechanical or other means by which u e could divide a body until 
wo arrived nt it.s ultimate atoms. These atoms aiv not only indivisible, hut also inde¬ 
structible and incapable of licing worn. The atumic tlieory of chemistry is supposed 
to favour the opinioii of the finite divisibility of matter. If we take, for instance, a com- 
ponnd substance, such as water, which wc have already considered, and which is 
composed of definite weights of oxygen and hydrogt'u, it is argued that there must be 
some point between a distinctly visible particle of prater, and its infinite divisibility as 
a portion of matter, at which tfie oxygen must be detached from the hydn^en; or that 
water, by mere mechanical division, would he resolved into its elements, if we could 
oatry our division for en nugb ; but this is mere assumption, for, aocbrding to the theory 
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of BoaeoTidky if wo consider an atAii of oxygen os an atom of forccy having properties 
of fivee different from thoso of the atom of fon^c constituting the atom of hydrogen, 
we may conceive the atom of hydrogen to combine with the atom of oxygen, and form 
a new atom of force—water—whoM* pru]H.ities of force may be cBscnttally distinct from 
those of oxygen and hydrogen. As tlie utuiiis of oxygen and hydrogen ore mere physical 
points of force, the atom of water may In* the same; and consequently water itself may 
be capable of infinite divisibility quite ns much as cither of its eonstituents. 

In addition to these considerations, the at4>niie theory of chemistry, if wo make it to 
depend upon the fact that the ultimate atoms of matter' are indivisible, which it need 
not, will lend us into no small difiieultics, us Dr. WhewcU hu.s shown “ Aecurdiug to 
the theory," he says. ** all salts, eoiupmmdt'd of an arid and a hast', an< analogous in 
their atomic constitution; and the nmnlHi r of atom-s in ttiie such eomi>ouud Wing known 
or assiimt'd, the number of atoms in tither ^ults may be determineil. Kut when we 
proct^cd in this raursc of reasoning to tether Itudics, as ii»r tills, we find »iui>elvt'» involved 
in difficulties. The protoxide of irt<n is a base which, aeooitling to all analogy, must 
consist of one atom of iron, and one o! ttxygen ; but iht' ju i-oxitle of inm i.s also a base, 
and it appears, by the analysis of tliis sulistanee, that it must efmsisti.f of an 

atom of iron and one atom of oxvL'tn. Here, then, our iiulivi.sibb' atoms must he 
divisible, even upon chemical ground-*. And if we atteiiijtt to evade this difficulty by 
making the peroxide of iron coiifi'-l of two ntoin.s *»f iron and thue «>f «»xyircn, we haM- 
to make a corresponding alteration in liic tho<iiel»eal con-stitutiiui of all IhkIics analogous 
to the protoxide: and thus we oM rtuin the veiy foundation «tf the tluory. Chemical 
facts, Dicrcforo, not only do not piovc the atomic thtory as a phy-ical truth, but they 
are not, according to any miKlification w-t dc%ise*l of the thiory, reion* ilcablc with it- 
scheme." 

We must rememWr tliat each «u” ^h^^e atomic tluoiiis i.rc mere hj jiotlu-*'-s, hIiu.}'. 
may or mav not be true. They imty atlbid us luo.'.t valuable ns'-i.slance in groU|jing 
together physical facts into lau’s and tl»»i-* materi.ally e xtend our kuouledge; but a.s we 
have before said of fon-c so w<- now ^ay of matter—that we are utterly ignorant of il- 
essential constitution. Wc may still iiiy with .Sir I. New ton, tlint "we do not kiiow 
what the substance of anything is. .\H that w e se e of bodies is their figures and 
1 colours—^wc hear only their sound.*;—wc touch only their «>iitwui-d surfact'S,—wo smell 
only their scents, and taste only their savours. W<* hii»»w luit their inward subittonces 
by any sense or any reflex act.” 

We have referred to tiic infinite divisibility of a gcoiiietrieal stroight line, and it i*- 
acuriou-s subject to consider how far art is able to carry the actual subdivl'toii of a 
strmght line. The division of a slip of ivmy, un inch long, into a hundred equal spaces, 
each of which is distinctly visible, is a work of no great diffii'ulty. With the fine 
point of a diMtnmnd^ appUod by means of a very dt Ueuto screw, five thousand cqui*clis- 
tant lines can be traced on glass within the spac** *>f a ijuart^-r of un incli, the clii*ct ol 
the division on tho gla.ss being to produce a play (»i prismatic colours. Hy similar 
means, the like division can ho produced on a piece ol sU'cl. A prixo medal was 
afforded by the jurors of tho Great Kxhihition to .Mr. Nuhert, of Pru.'isia, for tracing 
parallel lines on glass, which were only tlie om -forty-soventh-thousandth of un inch 
apart, and required a magnifying pqw'jr ol two th<msand to distinguish them. 

The ductility of metals exhibits thn divisibility of matter in its most practical light. 
It is difficult, however, when such degrees of extension arc deseribeil, to convey to th«‘ 
mitid an adequate Idea of the actual tenuity which is attained; and when tho bun- 
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drodth part of an inch is spoken of^ the imagination, imacruatomed to such minntiu-! of 
division, feds totally bewildered. 

The following examples will assist us to form an adequate conception of the great 
tenuity of which some kinds of matter arc susceptible. Human hair varies in diameter 
from tho two-hundrcd*and-fiitieth to the six-hundredth part of an inch. A sliect of 
common writing paper has a thickness of about the five-hundredth part uf an inch. A 
pound of cotton can be spun into a tlircad seventy-five miles in length, the diameter of 
which is the thrcc-hundrcd-and-ftftioth part of an inch. A pound of wool can be spun 
into a thread ninet)’-fivc miles in hmgtii, tho diameter of which is the four-hundredth 
part of an in«‘h. The fibre of tho coarsest wool is about the five-hundredth part of an 
inch—that of the finest being about the fifU^i'n-hundrcdth [lart of an inch in diameter, 
frold-lieater’s leaf, which is the jwlHcle separated fnjm tho outer part of the great iii- 
te.stino of tlie ox, has a thickness uf alKuit the three-thou-sandtli part of an inch. The 
siik line, os spun by the worm, is almut lh<* five-thousandth part of an inch thick. A 
spid(*r’s tlm'nd is about tlie thiily-thousandtii part of an iivli in diame hr. so that a 
.-ingb* iK>und of this fine drawn .sub>tanee woulil suffice to encircle the globe. A 
rib!>on of gold, six yards long, and an inch and a quarter wide, w<'ighmg one-thousand- 
and-fifty-six graiiLs, is finally oxt«'ndod, by haniniering, into two tltousand loaves of 

inches !M[uan', or into « ighty iKXiks, containing each twenty-five leaves. Every 
If af weighs rather less than the half fif a grain, and its thickness is the ono-hundred- 
and-nine-thousandth part of 09 inch. In the gilding of buttons, five grains of grdd, 
appliefl os an amalgam with mereiir}'. arc allowed to each gross. Jn this case, the 
coating loft iijust bo onc-liunflrc>d-and-ten-thausandth part of an inch in thickness. 
If a piive <»f ivory, or .a bit of M’hito satin be immersed in a nitro-nmriatic solutian 
of gold, anil be then plunginl into a jar of hydrogen gas, it mtII beeonn' covered with a 
aurfsu'e of gold hardly exceeding in thickness the tcn-milli<‘nth part of an ineh. The 
gilt wire usitl in emhroidery i.>i made hy extension over a surfaoc of .silviT. A silver 
rod about tw«) feet bing anil an ineh and a half in diameter, is coated with about eight 
hnndnxl gi'ains of pure gold, although sometimes only one hundred grains of gold is 
allowed to tlie pound of .vilvi'r. The gilded rofl, now weighing about twenty pounds, 
by iK'ing drawn through a succession of smaller and smaller holes, is at last stretched to 
tlie almost incredible length of two-hundred-and-forty miles, tho gold being eonsr- 
qufntJy attenuated thrce-huudml times, so that each grain covers a surface of nine- 
thoiisond-six-hiindred square inches. The win* is next flattened, hy which a fjirther 
extension is proiluecd, and its thickness nnlueed tp tho four or five-millionth part of an 
ineh. A wire of pure gold can he dniwn, the thieknes.s of whh h shall not exceed the 
four-thousandth ]>art of an ineh. A wire of platinum can be made of still greater fino- 
ncfs. Dr. Wollastim drilled a fine hole through the axis of a cylinder of silver, about 
the third part of an inch in diameter; through this hole he passed a platinum win% 
no more than tho thousandth part of an ineli in thickness. The silver cylinder wa.s 
then drawn tlirough a suecession of deiwnsing holes, till its fhiekness was reduced to 
the fifteen-hundredth part of an ineh ; tlie platinum wire being in the meantime pro¬ 
portionally redneod, Ix'onme between the four and flvc-thou-snndth part of an ineh in 
thickness. By means of nitric acid, tho coating of silver was then removed. By 
carrying the extension of the silver mould still fiirther^ho obtained, on some occasion.^’, 
platinum wires of no more than tho thirty-thousohdth part of on inch in thickness. 
Silver leaf is nearly tmcc os thick as gold leaf, bc-ing the one-hundred-and fifty-thou¬ 
sandth part of an inch in thickness. Copper and tin, forming Dutch leaf,. cannot be 
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beaten flriniwr then, the twenty-tboufiandtii port of an inch. A atng^ grata «f Uae 
Titri<d,—the sulphate of coppi-r,—gives a fine azure tint to ftTe gallona of arater; in this 
case, the salt m^Ist be expanded at least ten millions of times. 

The subdiiriaion of odoriferous particle.^ exceeds even these exaniples. A single 
grain of musk has been known to jicrfunic a large room for the sjuiee of twenty years. 
Sir John Leslie computes that the mu>k, in .such a ease, must have been subdivided 
three>hundred>aad-t\vcnh’ quadrillions of particles, each of them capable of adiecting 
the olfactory organs. A lump of assifmtidm, exposed to the air, was found to lose only 
one grain in seven weeks. 

In organic living nature, the infu-'ory animalcules exceed evcrytl ing which can l»c 
concciwd of minut.‘n.'s.=. The vf'tno uwiulaiK found in durk-werd, is l oniptited to he 
ten-tLousand-uiillion of times less titan a lietiip-st'C-d. 

Having considered the thcori.-s of the ilivi-.ioility f>f matter int*) its ultimate par- 
tieles or atoms, ajid h<‘ve far matter can h' divided hy nicehan'e:d iind other raeaii', 
%ve proceed to the con.-sid.'ration of some (,ther pr>'pertit'^ (oramnn iti all pondernbh 
matter. 

GlftTity*—There is one {Kroperty <- 'nin;on ti- all pondcrahle matter—a proiHrty not 
lontinei to our own globe, but «n\e ■w iioh a'trot’oiiUT-' have tiiuuii'luimly slurati 
to belong to the matter compo.j'-ig i-*l the lo'.v. iuly In dies ti.roo-hout th - umivitm’. 
This pmperty i^ gravity. We are iu.lcbted to Sir L Xrv.-t' ti f r tie' di'seoverv of the 
law of gravitation—the ni*".t fr. uera!. auil. nt tlie (.aine^jur. oii>' ,,i' lim mojit iniiiortan! 
laws tvii' reveal.«I to human in*^ ib et. It b, that all ihc heavenly bodie.s nttrai-t one 
another by a {nro vunnng ilinvily a? ihtir and mvi-rit-ly a.-, tin- mju.'u. oJ thnr 

di.<tuni.e from one anoihe;-; the mae.s ef .i lu-dy being r«)naid< led a.'» tlie mm of the pai- 
ticlc-s of uiaiter eoustilating the b-niy, and lual this law applic.s ali«o t.v every particb' f f 
mattf r :i; the uni verse. To v.'‘tituatc thia foicc wt nnist have sonic incaKurc. Now thtri 


arc, c.^ We have cL-mwlicrc ob erved, two measures of fon e; wo may I'stimatc, for instanci', i 
; the lartii’s attraction for a liody by the jiressurt- the bod\ exert,**, t)ie mcmiirp of wbicli j 
will Ik' its weight or by the velocity with which it will ]>asfl tliri.ugh a given spaer'. ! 
which will be Tuea.surcd by the space pussed through, in a given time front the oom- j 
meneement of the motion. The first of these m« osure.^ i.^ found to dejiend on tltc nia.'is | 
x)f a body, and the letter is indcjiemlent of the mass, being the some for all bodies, j 
however largo or heavy they may be. and i-* then fore ganernlly chosen as the best ' 
measure of force, when the motion of bodies i-s t-i be estimated. When we say that a [ 
f'wee varies directly as the moss of the attracting body, and invenady as the square of 
di.>tance from the body attracted, we mean tint the fon'c of attraction will Ixj measnml 
by the mas.*' divided by the square of tin- tlistance. Thus, if we supitose omo body, A, 
whose uioFs equals one thousand, or, in other wordU, a body composed of one tliousand 
particles of matter, and B, another 1>ody cninposcd of ten gravitating particles, and con¬ 
ceive these bodies placed at a distance of one m ilc apart, w'hete they could be influenced by 
no other matter, the foree of A’s attraction on B would be represented by one thousand, 
and of B on A by U-n; and if A, by its attraction, drew 1> through one thousand inches 
in tho furst st'cond of time after the bodies’ action on one another, B would draw A 
through ten inehc.s in the same time. If A and B had been i a mile apart, A’a attrac¬ 
tion on B would have been rejxr^ntcd by 1000 - 7 - I.#- or 1000 -j- J, whitli r= 4000, 


and ihc distance through which A would have drawn would bo 4000 inches; B’* attrac¬ 
tion on A would have been 10 or 10 x 4, and A would be drawn thwmgh 40 


peutusbatjonb of the flametabt btstem. 
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inches. If the dietauee had been ^ of a mile, A’a otbaction on B would have been 
1000 ~ p or which =r 9000; and B on A, 10 ~ ^ or 90; in this case A woidd 

draw B through 9000 inches, while B would draw A through 90 inches, in the first 
second of time ofler their action on each other. 

It follows, from the law of gravitation, that the smallc.st stone which falls to the 
earth attracts the earth, just as truly as the earth attracts the stone; but the maMi ol 
thu earth is so great, compared with the mass of the stone, that the distance through 
a'hich the earth is drawn by tlie stone during its descent is inappreciable to any 
known measm-emeut, however small. Agaui, the earth attracts the sun ns truly as the 
sun nttrai-t.-^ the earth, but the mass of the sun is so great, as compared with the earth, 
that in cidculatiou the mass of the earth may be neglected. In the solar system we 
have planets and Cfjnsets revolving nmnd the sun, and satellites revolving about planets, 
iu curves wliich are veiy nearly such as may he obtained by the section of a cone, anti 
are therefore railed cntiie sort? tn>-. The reason wliy the satellites do not fall into their 
primaries, and the planel.s an I eomrt-i into the «iin, is heeaus'- they have at some time 
reeeivod an impulse from some fjrr'- other than that of gravitation, in a differcut direc¬ 
tion than tlie line joining the attracting bodies, at the in.«tant of its action. Of the 
origin of thii force we are ignorant, ns wo are al-'O of its nature. All we know is, that, 
ilii--. uuU:n>wn fi>ro<*, having oaeo acted and then ceased, the law rf gravitation, and 
th'* three law.-, of lootlnn, are quite sufEcient t.> arcoimt for the moTi''ns of the hcavenly 
liiidie.s ith the gn ate-*! areurary. We said that the bodies of the solar system moved 
iu c.ir\es which u- re m ally <onic section.-. Now, though tlie ma-JS of any one of the 
planet-, may be nothing, when roinparcd with the .sun, this is by no means the ca.se 
when eompared with one an iiher; and, isinec all the particles of matter in the solar 
.system nttra'-t one another, it follows that one planet must, in sonic measure, iufiucnce 
the motion of another. If the plant, t-. h.id no influence on each other, they would 
lirseribe aecuratvly conic sections ; hut tluir mutual influence produces a perturbation, 
which cause- eai h plam t to describe .an irregular orbit, differing slightly from the regular 
cut i e, which it would have de.-crjbcd without any disturbing influence. The same applies 


I 


{ also to the orbits of the satellites. Tliis perturbation affords the most delicate test of ' 
the truth of the l.aw of gravitation a.ad its accuracy. “An idea of the extreme small- j 
nc'-' of the perturhatious nin\ he learned from the fuet, that if we trace on a table sis | 
feet in diami-Ler an accural • ellipse, to represent the orbit on which the earth is moving 
at aiij' instant about the sun, and if wc trace by its side the path actually described in 
a shiglo revolution round the suu, llic difference between the original ellipse and the 
cun'e actually dc.scribcd is so excessively minute, that the nicest examination with 
microscopes, continued along the outlines of the two ouri’cs, wotdd hardly detect any 
perceptible interval betwi’cn them."— IlERseiiEL’s Astronomy. Yet it was by the 
elimination of the pcrturbation.s produced on TTnmus by the knon n planets, and finding 
a perturbation still unaccounted for, which led two astronomers, without comjnunication 
with each other, to calculate the mass and position of an hitherto unknown planet, and 
to toll the practical ostronomer to what point in the hc.avons to direct his telescope for 
the discovery of the stranger. By the motion of many of the double stars about one 
another, and tlicir orbits having been sho>m to agree with the curves they would 
describe, if they attracted one another, by the law of gravitation ; this wo iderful law has 
been extended firom the solar system to the remotest parts of the univer, c. 

As every particle of matter attracts every other, it follows that all masses on the 
earth’s surface must attract one another; but tho earth’s attraction is so greact, on 
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•cMimt of its larger comparative moss, that this attraction » not ordinarily perceptible. 

It has been shown to exist, however, by the experiment of Mr. Cavendish. Small 
leaden balls were supported on the ends of a rod, which a’os suspended at the middle by 
a slcmder wire, and a’ben large leaden bolls were brought near to them, it was found i 
that the wire was immediately twisted by the motion of the balls. By observations on i 
stars, from stations near the mountain Schchallicn, in St’otland, it was proved that the ; 
mountain prodti’^ed a sensible effivt in drawing the plumb-line out of the vertical. 

Weigbt—Is the eflfect which the earth’s attraction, produce's on bodie.s; and it is a 
curious fart that, on account of the earth’s form not being iterfeetly spherical, the 
weight of a body is not the same at the equator and the pole. 'FIius. a body weighing 
! 194 pounds at the equator, will weigh 19d at the pole, the r.ite of incr(*a.«c from the 
j equator to the pole taking place according to a geometrical Law, dep«'nding on the 
I latitude. Hiis increase of weight cannot be determined either by a lialanee or steelyard, 

; as the weight which is twed for a measure is affected proportionally with the l>ody to be 
; weighed- It may bo determined by observing the length to which a body nmy stretch a ■ 
i spiral spring at the equator, and the length to which the same luidy will stretch the 
! same spring in another latitude. Practically, however, the difference in the force of , 
gravitation is observed by means of pendulums; the length of a pendulum vibrating 
I seconds is greater in a high latitude than in a lower one ; and as the application of the 
j pendulum to a clock affonis us a ready means of multiplying its variations, we aiv , 
t enabled to distinguish by this means a variation in length, whieh (»therwise would be 
inappreciable. From experiments made by Newton with hollow p(>ndulums, filled 
I with different kinds of substances, such a.s gold, silver, lead, glass, sand, common salt, 
j and wooil, he found that the attraction of the eartli is the same for all suli.«tt.anerK. 

. Thus we s'^e that under an exhausted receiver, the feather and the guinea fall at tin- 
. same instant fi-«>m tlie top to the bottom—and that consequently a eubie inch of iron 
weighs more than a cubic inch of wood; not bivause the earth’s attraction is grcat«’r ' 

! for iron tbnw wood, but because the cubic inch of iron contains iiioi-e gravitating par- 
' tides thm the cubic inch of wood. 

> Bbuw.—^The moss of a body Ls the quantity of matter whieh it I'ontains. 

Denaity.—^Tbe term denaily is used to indiiate the quantity of matter contained in 
a given volume of a mass. , 

Two bodies arc equal in mass if they are of the same weight, however different may i 
be their volumes; but they are equal in density only if the equal volumes of the two < 
Imdies have the same weight. A cubic inch of one substance is said to be of twice the 
density of another, if the cubic inch of the denser body weigh twice as much as the I 
cubic inch of the other. ' 

Syecifle ChEATity,-—The weight of a given volume of different sulsttaiieoti, eoni- 
parc<I with the same volume of some standard substance, is called the fqteciiic gravity of 
these substances; the general standard is distilUd water, at the ordinary temperature of 
the air. This is chosen for convenience, as the easiest material which con bo rco^y 
procured in a stats of purity. Beckoning the specific gravity of distilled water os 1 ‘000, 
the specific gravity of platina is 21*470; gold, 19'260; copjxir, 8‘900; lead, ll*3d; 
cast-iron, 7‘248; marblo, 2‘716; Portland stone, 2‘496; bcechwood, •852; cork, *240; 
mahogany, 1'063; oak, 1*170. • 

Since a eubic foot of water weighs nearly 1000 ounces avoirdupois, a cubic foot of 
platina will weigh about 21470; gold, 19250; iron, 7248; marble, 2716; cork, 240; 
and oak, 1170 ounces. 




GllAVlTY I'HODUCBD BY BErULSlVE FORCE OF ETUEK. 13 

There arc various inctltuds of finding the specific gravity of bodies, according as 
they arc solid or fluid, or soluble or insoluble, in water. If we could shape a solid 
body accurately inlu a cubic inch, vre should have no difficulty in finding its specific 
gravity, by coiupariiig its wciglit with a cubic inch of water. This is not at all times 
cionA’cnient; we may therefore adopt any of the following methods, as it is a 
known fact in hydrostatics that any body which sinks in a fluid w’iU just displace 
a volume of water equal to its bulk. If we weigh the body first in air, and then in | 
water, the diticrenuo of its weight in air and its weight in w'ater will be the weight of ' 
a volume of uatcr equal in bulk to the body weighed, ('omsidering the specific gravity | 
nf water as an unit, the siK-eifiv gravity of anutlicr substance will be its weight, divided ; 
by the weight of an equal volume of water. Tlie specific gravity of a substance, ! 
llicrefoi\‘, will be its weight in air, divided by the dill'iirenco of its weight in air and in 
water. When thtJ substance whof>e spccifie gravity is to be dclerminod is in small 
fr.'igiiicntH, it limy first 1 h> weighed in air, and the weight of the masa of water it 
displaces may be dctermincil by obsor^'ing the weight of water the fragments displace 
when they arc plac(>d in a ciqi of water. prcviou.«ly filled carefully to the brim. There 
are various other inethoiLs ol‘ findiug spoeific gravity, and also for ensuring accuracy; 
but til 'se must 1 k‘ left to be described in their projior place n.s a branch of hydrostatica. ; 

Crum of Gamwity. —Gravesande, in his introduction to Newton's I’liilosophy,’* 
contends that the cause of gravity is utterly unknon-n ; and that we are to consider it 
i n no other w ay than as a law of nature, originally and immediately impressed by the 
Creator, v itbout any dt|H‘ndenee on any sieond law or cause at all. Jfewton did not 
profess ti> givi‘ any po.sitive e.xplunation of the force of gravity; but in his Optics ht j 
thro AS out the following (piery, as ho was not sufficiently satisfied with his experiments 
to luizanl anything jiosiiive on the subject, lie says:— 

‘•l.s not thi>. medium (elber) much rarer within the dense liodies of the sun, stars, 
)ilancts, and comets, than in the empty celestial spaces between them? And in passing 
from them to greater distances, doth it not grow denser and denser peiqietually, and 
thereby rause the gi-avity of those great bodic.s towards one another, and of their 
parts towards tlu* bodies; every body endeavouring to recede from the denser parts 
of the medium towards th<‘ rarer ? 

For if this medium be suppo.'tcd rarer M'ithin tlu' sun’s body than at its surface, 
and rarer there than at the hundn'dth part of .an inch from his body, and rarer there 
than at the (ifli-‘th port of an inch fn>m his body, and rarer there than at the orb of 
Saturn; I see no reason why the inrreo.so of den.sity should stop anywhere, and not 
rather be continued through aU distances, from the sun to Saturn, and beyond. And 
though this increase of density may, at great distances, be exceeding slow, yet, if the 
elastic fore** of this medium he exceeding great, it may suffice to impel bodies from the 
denser parts of tlie medium towards the rarer with all that power w'hieh we coll 
gravity. And tliat tlie clastic force of this medium, is exceeding great, may be gathered 
from ^0 swiftness of its vibrations. Soumls move about 1140 English feet in a second 
of time, and in seven or right minutes of time they move about 100 English miles, 
light moves from the sun to us in about seven or eight minutes of time, which distance 
is about 70,000,000 English miles, 8up|)osing the horizontal parallax of the sun to be 
about twdvo seconds, and the vibrations, or pulses of this medium, that they may cause 
the alternate fits of easy transmission and cosy reflexion, must be swifter than light, 
and, by consequence, above 700,000 times swifter than sounds; and therefore the 
e1a.stic force of this medium, in proportion to its density, must be above 700,000 multi> 
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p]io4 by 700,000 (that is, above 490,000,000,000) tiniM greater than tho elastic 
fiwoe of the air is in proportion to its dcasity; for tho velocities of the pulses of oiastio 
medioms arc in a subduplicatc ratio of the elasticities and the rarities oi' the niediuins 
talcen together. 

** As magnetism is stronger in small loa(ktone8 than in great ones, in proportion to 
their btUk, and gravity is stronger on tho surface of small idanota than those of great 
ones, in proportion to their bulk, and small bodies ore agitated much more by electric 
attraction than great ones; so the smallness of the rays of light may coutribtttis very 
much to the power of the agent by which they ore-rufraeted; and if any ono should 
suppose that ether (like our air) may contain fkarticles wliich endeavour to reci de from 
(kne onothiT (for I do not know what that ether is), and tliat its particb^i are exceed^ 
ingly smaller than those of air, or even than those of light, the exetMHiing smallness of 
such partifics may contribute to the greatness of tho force by which th«'y rf-cede from 
<1110 another, and thm-hy make that lutHlium exceedingly more rare and clastic than 
; air, and, of tHjnscquence, <-xc<*edingly loss able to roNist the nuitions <.f projectiles, and 
excoodingly more able to prc'.-« vjKin gross bodice, by iniU\ivouriiig to cxpruid itscl{‘."~ 
i Xswroof's Optiet. 

i la0ltln.—Having spoken of a prrpcrty or law common to ;iJl matter—gravity—by 

i which erm- particle of matter attni<‘ts every other partiilo, acconlintr to a oertain 
mathematical law, wo come now to another pnipt-rty of matter to win. Ii the name of 
, Inertia is given. The law of inertia is tlii‘i~-iUat a particle ..f matter, if it bo at rnt. j 
I possesses no power within itM’lf by wbidi it r.in put itself in motion, and can only be | 


, made to move by seimc power external I > itsi-lt; ns. for instance, the notion of another 
I particle of matter ui*on it; or, if it be In niotioru tlic particle posoeiiwK no projiei-ty by 
j \i hiih it < '.in alfiT it* m-iii-'n, «ithtr in dini ti.m or magnitude. Wbat has been «aid cf 
’ a particle is aI.<io true of a liody compowd of nuy uurnlicr of particles; if the n.utnnl 
attractiom and forces which ihcRc particles exert on eaeh other be such that the body 
\ reduced to a state of n'st or tH|uilibrium, it cfinnot put ilM-lf in iiKitiou, or change Us 
i motion if moved. Tho incrti.i of a body is its imibility to pr duce any action on itsulf. 


I 

I 

I 


I 


I so as cither to cause its motion, if at rest, or to altfv it, if in motion. j 

j Vis Inertia.—Wicther inertia is to l>c regarded ta an active force in mattiT by 
I which it resists motion, or o.ily ns wo liave just dcscrilKd it. tlie absence of any power 
! in a particle of matter to act uiKm itself is a matter of dispute among phyau'.al philoso¬ 
phers } some contending warmly that it is not a f<in c, and tliat the term force applied 
to it can only mislead, while others maintain that it is a force or propc<rty of matter 
quite as truly as gravitation. According to tho latter view, wo may define tho vis 
inertia, nr force of inertia, to bo a force nr propoity of matter by wliich it resists the 
apidioation of a force,—not by refusing to move, but requiring a greater force to produce 
in it a given dogroe of motion in proportion to the mass of the body movod. It is true 
that wo cxpcriraace an effort in moving any mass—some masses resirt our attempts to 
move than altogether, but then we can trace a great part of this resistance to the action 
of friction, or some other cause external to the masa we attempt to move; ond, by 
' ronwring these canses, wo can move with case huge masses whieh would otherwise 
resist the greatest force we oould exert. Thus the slightest offbrt may cause those 
larf* meka, which are enrioosly poised, either natnndly or aitifieially, known by the 
nmia of tocking-stonee, to vibrate backwards and forwa^; and we may sa|poae that 
by reawTing all causes of renatanoe, the body itself would oppose no Anw of inertia to 
any nation we conld intpreM on it; yet, if we mcMraie the motion in the liody by the 
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relocity pnxlured by a given force, wo ehould find it to depend on the of the 
iMxly, and that tlicre is, as Dr. Whowell says, ** in every case a resistance to motion, 
which shows itself, not in preventing the motion, but in a reciprocal force, exerted 
bw’kwards upon tho agent by which tho motion is produced. Axid this resistance 
resides in each portion of matter, for it U increased as we add one portiun of matter to 
another.” 

Tho property of matter, which have described by the term inertia, is the caxia? uf I 
tho first law of motion, w'hilc tho vis inertia is tho cause of the third law of motion.— I 
Vftf PreUminary Tre^m. 

VoTMity.—If a body lie not {icrfcctly solid—that is, if the particles composing it 
i l>e so united togi'thor as to leave spaces butn\‘en them not filled with matter—the body is 
1 said to bo porous. Thus, if wo suppose u body to bo built up of rectangular solid 
! bricks, perfectly glued togcUrcr, so as to leave no vacuities, wc should say it was not 
]iorou.s; while n liudy compusod of a number of spherical balls, fastened together only at 
I their points <if contact with caih other, would be porous; sponge, chaicoa], or loaf- 
1 -.ugar afford giiod examples of this pmperty. "We say, in general, that a stone is 
! porous, and not lompaet, uhon it readily absorbs water, or wtuild allow water to pass 
' through it, !ind in thi's wnse we should .«ay that a glas.^ vessel is not porous. It is 
' vexsoned, howe\'ur, from certain farts, that nil bodies arc more or less porous; Uic 
ill n«est and most compact bodies, such as gold and platina, being really porous, thougli i 
ihi'ir ports may be so minute, or the forci-» «jf repulsion which their particles cxen ise ! 
•!iay lie so great, as to pivvcnt any known x>ond(srablo matter from filling the vacuitic"^’ I 
,n the Rubstanee. With n*g<!rd to horlies which are to a certain extent porous, we find 
they will Hfimctimcs .suffer one fluid to iiass through their pores, while they will retain 
.mother; thus a c ask which will hold uatcr may buffer oil to ooze out. 

The force of gravity acts through the densest substances, of the greatest thickness, 
without any pererptiblc diminutiou of its jiowcr, and hence we conclude that it can 
jirrmeatc cveiy suKstance, without meeting with any resistance. Light posses through 
. ni.'inv subatanees of oonsidi rable density. Heat and electricity do the same, but they do 
ii'it travel tlmiuKh all known sukdanccii, as the force of gravity docs; nor dvi the 
' .same Intdirs, which may conduct heat or electticity, sufler light to jicnctrate their .»ul- | 

' .stance with the same ea.se. 

I From the fact that the densest of bodies, such os gold or platina, and all otlicr 
metals, expand when heated and contract when cooled, and that this contraction seems 
I to lie in proportion to tho intensity of tho cold produced, wc might infer that if we 
• had an u^imited iKiwcr of increasing the intensity of cold, we might contract any of 
{ these.metals into a proportionally small space. By hammering or pressure, metals may 
I olw, to a certain degroo, bo compressed in bulk. Now, this contraction or compression 
«-onld not tako place if bodies be composed of hard, unalterable, and incompressible 
atoma, as Newton supposes them to be, unless wo suppose these atoms merely to touch 
ono anotbes: at some few points, leaving spaces between them unoccupied with matter. 
This porosity of matter is not like tho porousness of charcoal and atone, which wc havo 
aliea^ eonsidoivd-Hi prop erty which has been proved cxpmimentally, and of which wc 
can obteia a sensible demonstration,—^but is a hypothetical pn^ierty depending upon 
our h ypa tfM M i is of the oonstitation of matter by the union of hard and indestructible 
attmiB. It may bu said, however, that tho eelohraSed experiment of the Florentino 
academieiaas, who flUed a hdlorw sphen of gold with water, and then torcibly pressed 
the ifhero into shupe, when tho water oozed thron||x the sphere, demon- 
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!>tratcd that gold really was i>on>iLs and that it« pores arerc larger than the parttolcs of 
water. Yet perhaps tl^s experiment admits of another explonatiun, Aeeording to the 
theory of Boseovich, M'hieh we have previously explained, gold and tlie other i 
metals, as well iwen as water and many other substances, may be n'garded a> destitute ] 
of norositv. 

a • 

Some etirimis swenlations liave U'tm entered into, witli regard to the hypnthutical 
perosity <»f h »dies. whieh avo have betm eonsidering. Newton’s A'iews on this subject 
haA'e been well popularised by his friend IVmbcrton, in hLi •* View of Sir 1. Newbtn’s 
j rhilosophy." Speaking of the great p^irosity of lK>dies nwi*s.sarily rujuirctl, on the i 
I 8nj»positi»n that light consists of material particles, he says Uiat Newton has demon* 
strated. “how any the least portion of matter may bi’ Avrougbt intt» a liody of any 
I ri-vjgn.'d diimnsioiH, how great sot'ver, and yet the porc> of body, none of them 
j i."‘cater than any the smaUest magnitude proposed at plea-ure; iiotwitli‘<tanding which. 

the parts of the body shall so t>>ueb, tliat tht' lH)dy itscll .«hal] be hard and solid. 'J'lie 
, manner is this ;—Suppose the body to Ik* eompoutided of jjarticU-s of hiich tigurec that 
> when laid together, the pores f.mnd between them may In itpial in bigne-v^ to llie jiar- 
t tildes. How this maA* he effeetwl, and AM the botlv be hanl and s*di<.l, is not diiltcidc fo 
I understand; and the pores of such a body may be ni.nli* of any j)ri»j>OM'd degree id 
^ smallness. But the solid matter of a b »dy so framed will take uj* only lialf the space, 
oeeiipied by the Imdy; and if each constituent partiib* be conijiiwit of other le.ss paj- 
tiele*>, aeeording to the sann* ntle, the solid parts ot •eich a Isidy v >11 Im* but a fourth 
I>art of its bulk. If (wery one of these Ic-wr jKirli* li n again be cnnijMiundcd in the 
same manner, the solid parts of the whole ls»dy shall be be.t one-eightb of its bulk ; and 
thiLs, by continuin? the comjMJsiti'jn, the wdid part.s of the body may be made to beat 
as small a proportion to the whole magnitude of the b »!v n.s shall b.' di*sired, notwitli* 
standing the biidy Ai ill be, by the contiguity of its pait-, ec.pablc of being in any degrei 
hard; whieh shows that this whole glolu* of earth, n,;', all the known IkkIics in tlu 
iinivcr'sc together, as far ns we know, may Ik* eomj><»;ind. d of no gnaler a portion oi 
solid matter than might Ik* reduced into a globe of one im h only in diameter, or eu-ii 
' lew. We sec then fire how by this means bodu"! may easily bi* made riu-e enough to 
transmit light with nil that freedom pellueid lKKii<*.'> nn- found to do, though what is tie 
• real structure of bodies we yet know not.” 

Zapcnetnibilitj.—Impenetrability is that pnAjiertv of matter whieh pn>vi*nts 
i two IkkIics from orcupying the same spaci nt the same time. This is generally mid to 
■ lie a property common to all matter; but it i- dear, from what we have mid on porosit,\, 

! that this property ran only apply, in this sense, to the ultimate partieb*s, or indivisibh- , 
i atoms of matter; for clearly a mass of gold is penetrable on the atomic hypothosls by 
matter whojie atoms are small enough to enter its pores, though the otoni of tlie gold 
itself may be impenetrable. This impenetrability, therefore, of matter like the porosity, 
considered as a general property, must he hj'pothetical. There are instances, however, 
what is called the impenetrability of matter, w'hieh are worthy of careful considera¬ 
tion, os making us acquainted with other properties of matter; mich experiments as ; 

' these are generally adduced aa proving the impc*nctrahility of matter. If a tomhlcr he 
placed wi^ its mouth doAmwar^ and plunged into water or mcrcuiy’, neither the Ai-ater 
nor the mercury can rise Avithifl the tumbler, being prcA*ented by what is called the 
impenetrabilify of the air. The same thing would occur if our tumbler were filled with 
steam; but, if the steam were condensed into water, or the air in the tumbler withdrawn, 
fh* water or mer cury would rush in, and occupy the space contained within the tumbler. 
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{ If a man of gold or platina l>o immerBcd in a fluid, the fluid arill occi^ fto part of the 
j gold or platina; but a volumo of fluid, equal in Tolume to the gold or pUtimi^ 
be displaced by then , and this is taken as a proof of the impenetrability of the gold or 
I platina. On the Newtonian hypothesis of the density of a body being proportional to 
• its mass, and depending on the number of gravitating atoms in a given volume, **platina 
eontains,*' says Dr. Young, *’ in a cubic inch, above two-hundrod-thousand tunes as 
I many gravitating atoms as pure hydrogen gas, yet both of these mediums are free from 
sensible interstices, and appear to be equally continuous; and there may possibly be 
other substances in natun: Dial contain, in a given space, two-hundrod>thouBand times 
, as many atoms as platina, although this supposition is not positively probable in all its 
I extent; for the earth is the deiwst of any of the celestial bodies with W'hich we ‘.arc 
: fully acquainted, and the cai*tli is only one-fourth os dense as if it were composed 
entirely of platina; so that we have no reason to l>elieve that there exists in the solar 
I system any considerable quantity of a Mibstanee even so dense as platina.*' The masses 
j of liotli the platina and hydrogen are porous; but the particles or atoms of the hydrogen 
I mii.st be at a much greater di>.tancu ujmrt from one another. The impenetrability of 
I tbeir masses niu.st clearly then ha due to some repulsive force exercised in the vacant 
^p:i('i‘ Iwtwecii oix' atom of matter and another, which prevents any other atom of matter 
I'roni w'eiipying that 8])aee, and hence we may have an impenetrability' existing even 
where no iiiiitter oreupii's the imiN netrahlo space, lint all this, excepting the fact that 
one lK>dy, whetl»>r porous or init, may pn-vent aiutther from occupying the same space 
uhii'h it does itself, is hypothetical. 

When spirits of wine is mi.v« d with water a eonti-action in bulk takes place. Thus, 
if a glo-ss tube, ilosc'd at one end, he di>ided into n hundred parts, and half tilled with 
wafer, and the upper lialf tlien lill<-d with «-oloured spirit, the spirit will float on the 
w:iter without mixing; if a »-ork Iw then placed in the open end of the tube, and the 
tnhe be shalom so as to insure the mi.tt.ure of the liquids, they will contract, and leave 
about four of the IniudretU parts <if the tuW empty. In this case, the result of the 
mixture alt« rs the repubivo foiee ef the fluids in .“iueh a manner tliat, though isach 
t'f the fluids separately eould have hem coinpressod so as to lose the hundredlli 
■ if if.s hulk only with givat diflh-ulfy, and by the exercise of a great pressure, yet 
the repulsive foive, by wiii»-h tin* atoms resbt tins pressuit', is so diminished in the mix- 
iure, that its bulk is eontrut ted int<i a smaller i!pa<'c than it occupied before the union of 
the fluids. 

XndestructibUity.—We can alter tlu; (‘omhinatifuis ami form of mutter, but w'e 
can in no way destroy it; and tlinugh we may avail ourselves of its prepertic.s, in order 
t<t obtain an cnoniion.<< fon-e to do oiir bidding, and so make ourselves independent of 
wind and tide, and evi-n anticipate the fliglit of time, we «‘an civatc no new' property. 
“One of tlie most obvious e,03cs,'’ says Sir J. Herschcll. “of apparent destruction is, 
wlu*n anytliing is ground to dust and ai‘attereJ to the wintls. But it is one thing to 
grind a fabrie hi ixiwder, and aiudher to annihilate its materials: scattered as they may 
be, they must fall somewh»*re, and eoiitimie, if only as ingredients of the soil, to perform 
tbeir humble hut useful part in the economy of nature. The destruction produced by 
Are is more striking. In many eases, as in the burning of a piccoxtf charcoal or a taper, 
there is no smokt^—'nothing visibly dissipated and carried away; the burning body 
wastes and (lieapjtcars, while nothing seems to be produced but warmth and light, which 
we arc not in ^c habit of considering as substances; and when all baa disappeared, 
except perhaps some trifling o-shea, we naturally enough suppose it is gone, lost, 
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d a rttcyi. But whttii tbe queation is oxamised moro couwUj, wc detcd^ in tlw mvinble 
«f keated air which aaccads from tho i^owing oual or iwniug wax, tho whole 
foadarahle matter, only united in a new combination with tho uir, and dioaotfod in it. 
Tot, ao fiv from iMung thereby dotttroycd, it ia cody become afpun what it woa before 
itazialed in the fum of charcoal or wax,—on active agent in the buainoaa of the world, 
and a «"*»» aupport of vogetahlo and animal life, and ia atill auacf^tiUe of ronning 
again and again tho same round, aa cin’umstaacoa may determine , ao that, for aught 
we nan aee to the contrary, the same identical atom nwy lie concealed for thouaanda of 
flMitwfwNi in a limeat^me rock; may at length bo quarried, act free in the limekiln, h, mix 
with tho air, be abaorbed from it by |>lauU, and in aucceasion become a part of the 
framaa of myriads of Hving Wings, till sonm concurrence of events consign it once more to 
a long repoee, which however no way unfits it from again resuming its fanner activity.” 

JColactalax Foarcaa.— Beside the furcc of gravitation, ubicb acta at enormous 
distances from the particle of matter which aci'ma to exert the force of attraction, there 
are many other forces, both attractive and repuhire, which seem only to come inli* 
operation when particles of matter ore brought into clase approximation with one 
another. These farces are said to act at insensible distances, while gravity acts at sensible 
distances, a phrase which only means that these unknown foru-s act at distancob so small 
from the particles which produce them, that in gi'neral wc have no means of measuring 
tiic distances. To these the name of molecular forces has been applied. The attraitic'Ti 
and repuLdon that similar or different molcculea or particles of matter exercise on one 
another, which give rise to the solid and fluid .st.ite.s uf Isidies, determine their hardne.s.s 
or softness, roughness or brittleness, malleability, tenncitT, expansibility, cloaticity, &c. , 
and the wide range of phenomena, riasacd nndcr the Wad uf chemical affinity, are 
attributed to the action of molecular forcc-s. 

CftliMlon Thr term Cohesion is applied to those molc< ular fon es of attracti«.a) 
which hold together the particles of a body m ns to form a mnss. ■\Vheu this fone is 
strong enough to resist the force of gravitation, the body is a solid; when it is so weak u.-> 
not to resist the force of gravitation, except in verj' small masses, hut is strung enough 
to retain the partklea of the body within a certain sensible distance of one another, m'c 
have a liquid body; but when it is so weak as not to retain the particL'S within :t 
sensible distance of one another, wc have a rapiur or gas. The change in tho force uf 
eobosion from the solid to the fluid state is so gradual, that in some bodies wo find a 
difficulty whether to consider them scilid or inip<‘rfectly fluid; and here it may not be 
amias to state, that, according to the strict mathematical definition, wo arc not acquainted 
with any perfectly rigid solid body, or nny pcifect fluid. The force of cohesion is 
manifested more strongly by some bodies than others. A piece of India rubber, cut 
smoothly and cleanly, and tho cut surfaces placed iu contact with one another, will be so 
firmly united by this fbree, that the united portion will adhere as closely together aa any 
uncut portion of the mass. Plates of glhsa, which have been smoothly polished and laid 
on one another, have become ao firmly united, that it bos been impossible to separate 
thesB withemt breaking. The united portions have been cut, and the edges polished just 
oa fit the pieces had been fused together. 

Thai in fluids, when tbeir masses arc Eonall, the cohesive force is strong enough to 
ovafeooaoe the force of gravity, is manifiisted by the spherical shape of their drops—by the 
mimite globules into which mcrct&ygmay he divided. Tho force of cohesion is not con- 
finedto pazticlis of the same substance. Difierent substoncea exercise this power on one 
nn tb««r; smBctimiai t»vgn mnw rngdfly than BuhstsunaB of tho iamo kind. Scddormgiaao 
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iMtwkw in vbka tre aTail ounelrei of tfaii property, in order to Mwito metals iritfa one 
■nother. Tinning motels is alee an applicatioa of this property. In order to effectthis 
kind of union we are somolinies obliged to use an acid or a fluz, for the purpose of 
(denning the surface at the metal to be sdderad or tinned. Heat has the potrer^ inmost 
substanoos, of considerably modifying this force, and aonetiaies lyiperently destroying 
it At oertmn temperatures iron and pletina possess the {noperty of weld^—that is, 
by iiressore or banunermg, their surfaces nuy bo brought so within the sphere of the 
iivoo of ooheaion, as to unite se%’cral pieces into a body as solid as if it had been emt 

Cohesioo takes place ulso between solids and fluids. If a cimdar (fiac of metal, pre- 
aonting a giren area—aay four aquaic inches, fur instance—be iiimwinluT flum one 
end of a bnlancc, so as to have ita surface per&ctly horizontal, and beaoonntefyomm- 
terpoisod by weights in a 8CBl(»-pan at the other extremity of the ; if a wsmel of 

water, Dureury, or any other fluid be placed under the disc of metal, ao aa to bring the 
surface of the disc in (wntact with the fluid, it a'ill be found that a fixee at aitraetion 
will bo oxcTcisrd by the particles on the surface of the disc on those on the antfltoe of the 
(luid, u’hich will require a a'oight to be placed in the scale-pan to overcome it, so aa to 
separate the sur&ces. That this force is independent, in some measure, of the pressure of 
the atmosphere on the surface of the disc, is proved by the fact that the weight, which 
overcomes the eohesire force exercised by the surfaces, varies considerably when discs 
of (lltfureut metolb of the sutiic weight and superfleial suriimes arc used. The oompa- 
rative force of adheoion, in tliis manner, of gold, silrtr, and iron for mercury, are as the 
numbeta 2:iG;i. 2274, and 610; but it must be observed that little reliance can be placed 
on these numbeni aa aflhrding on absolute knowledge of the cubesivo force of mercury 
on these metals, flrom the difficulty of eliminating the eifeot produced by the chemical 
action of the mereury combining with the metals whose surfaces are brought in c<mtact 
u'ith it, in some mooanre, and thus intn>duciag into our results a modification due to 
the adhesion of the particles of mercury to one another. 

CtakpUlmzy Attsuctlou. —If a glass tube be drawn so line that its internal bore 
is about equal in tincncas to a hair, it is called a capillary tube, from the Latin word 
rtfgt^MR, a hair. On a tube of this kind being partially immersed in a fluid, the fluid in the 
Iwro of the tube in most instanm^ wUl rise considerably al>ove the surface of the fluid 
exterior to it. The height to which the fluid rises is dependent on the diameter of the 
Iwro of the tulk', the height being greater 
in proportion to the smallness of the bore 
for the same fluid. Wc have here a force 
of attraction, exercised by the particles 
of the glass for ttie particles of the fluid, 
snfficient to overcome the force of gravity, 
and to cause the fluid to rise in opposition 
to it. This phenomenon is called Capil¬ 
lary Attraction. The height to which a 
fluid rises in a tube of the same bore varies 
for difEorent fluids, and seems to bear no 
observable ratio to the specific gravity 
of the fliiiii employed. If tho capillary 
tube bo partially immersed in mercury, 
an opposito effect ia produced, the mercury iu the bom of tho tube bring dqmMod 
below the surface of tho mercury atorrounding the tnbo. 
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'Wlm the boro of the tube is coiisi<lei«bIe in sise, tro do not observe the rise 
of tibe flnid; but tho surface of the fluid is raised from its boriaontal level, whero it 
econee in contact with the interior of tho tube, so as to render tho surface of the fluid 
ooneKve’ instead of perfectly level. This subject has been profoundly and carefully 
mvestigated by the Fiench mathematicians. 

When two equal plates of glass arc united together along one edge, so as to form 

a small angle with one another, tho attraction of the 
particles of glass fur tho fluid causes a fluid, into which the ’ 
plates are partially immersed, to rise in such a manner as ! 
to present a curve, which has bein proved to be Uiat cooic 
section known by the name of the h}'p(>rbola. (.'apillaiy 
attraction is of frequent occumnee in nature, and of the 
greatest use in the arts. It is by capillary attraction that . 
melted wax, or fat, and tlie oQ rises in the wick of the 
candle or lamp, lly this furec the sponge possesses the 
useful p r operty of ahsoibmg water, and the blotting iwint that of ink. I 

Bsonaoae.—l^omo ciuious phenomena, bearing sonic analog}’ 
to the property of capillary attraction, liavc been discovered by Dutruchet, which have j 
enabled physiologists to explain some facts w'hich before admitted of no explanation. 

If two fluids, capable of mixing, he sepamted 
from one another by a bladder, or some other 
porous diaphragm, tw'o currents will be set 
up, one by the passage of the fluid A thmugh 
the diaphragm I), to mix with the other fluid 
B, and the other by the passage of li to A. 

One of those currents is generally niucli 
stronger than the other, so that the bulk of 
the liquid on one side the diaphragm incn-asc.s, uhile tlie other Uiiuinirhes. iJutn^-iiet 
applies the term endosmose (inward inqmlse) to tlu' rtrongcr eurreiit, cxosinoM' (uutwiu'd 
impulse) to the weaker. For the same fluids the endoHUU].He or «>xosmo»e depends upui > 
the nature of the diaphragm. Endosnio.-;e of Hulphurous m:id of 1*02 s]i. gr. take* 
place to water w'hen bladder is the diaphragm, but from water to the ueid when the 
diaphragm is of baked carthenwan* not gluxed. Through India rubbiT, which, hut for 
the discovery of these phenomena, wtr might have considered iinp(‘rviou.H to water or 
alcohol, endosmose proceeds from alcohol to water, first slowly, but ofteru-ards quickly, 
when the India rubber bos been acted on by the alcohol; at the .some time the alcohol 
becomes more and more dilute by the action of an oppositi* stream of water. A bladder • 
tied over a gloss filled with olcohrd, swclb up under water to such an extent, tlmt when 
the bladder is pricked with a nettle the alcohol spirts out in a long stream. In thLs 
experiment a little alcohol also pa.ssos into tho water. Alcohol and water exhil'it con¬ 
trary actions towards India rubbtT and bladder, because alcohol adheres more strongly 
to India rubber, water to bladder. ‘ 

These curious phenomena seem to have no relation to tlie flUcrmg power of the 
diaphragm for the fluid which passes through it. We regard India rubber os the best 
water«tic^tsulwtancc we can procure. A solution of oxalic acid passes through bladder to < 
water at all degrees of concentration aond temperature,—the more it is concentrated the ; 
faster xbtrAveb; on the contrary, it filters through the bladder much more slowly than \ 
water (the slowness increasing with tho concentration), if the lower surfreo of the ; 
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blndder be placed in contact with a solution of tho same strength as that whose rate of 
filtration U to be determined. 

IHffoalon of Guoa. —Another phenomenon produced hy molecolar attraction of 
tho particles of matter for one another is that by which a heavy gas, whose surface ia 
in contact with a lighter one, diffhscs itself through the lighter gas in opposition to the 
grarity of its particles. Tliis seems to depend upon some power of attraction which 
the particles of tho gas seem to have for particles or atoms of gas different frpm them- 
sclrcs. Thus carbonic acid gas, a very heavy gas, diffuses itself throng hydrogen, by 
; the attraction which tho molecules of hydrogen exendso on those of carbonic acid. 
This is a wonderful provision of nature; for were it not for tho dififiisSiltityof gases we 
should often be poisoned by an accumulation of carbonic acid gas on the surface of the 
globe or in our dwellings, just as dogs arc poisoned in the Grotto del Cano, where tho 
earl>onie acid ga-s ('scapes more rapidly from the ercrioes of the rock than it is diffused 
I tlirougli the «ur. 

Catnlyala. —^This na’ne, which simply means dissolving or decomposing, has been 
^ appli(;d Ly Itorzelius to some very obscure phc'nomona in chemistry, by which a body 
1 seems to exercise a force, termed by him tho catalytic force, by which it ditcomposes or 
I oust's the romhination of substances which come in contact with it without suffering 
alteration itself. It has been supposed that some instances of catalytic action maybe 
rcf.TTed til molecular attraction. Thus a piece of verj' clean platina, carefully cleansed 
by immersion in acid, and plunged into on explosive mixture of oxygen and hydrogen, 
causes the gases to explode and conihinf*. Finely divided platina produces the same 
('ffeet. liSTiat is colled spongy platina hceomea red-hot, and sets fire too jet of hydrogen 
gas projected on it in the open nir. This action is said to be due to the attraction of 
the particles of platina ; for the partio1('.s of oxygen and hydrogen, beingstroi^ enough 
' to counteract the mutual repulsion of the particles of the gas, arc brought suffi* 
i-iently close to one another to cause their eomhinntion by their mutual affinity. Tho 
power freshly-burned i hareoal has of obsorhing large quantities of different gases, and 
eondt nsing them within its pires, may be referred perhaps to the same kind of action. 
Perhaps (ill solid bodies pocsiss this power of attraction for gases; it is exceedingly 
difficult to remove from a harameter-tube tho film of air which adheres to the sur¬ 
face of its bore, and ibis can only be done successfully by boiling the mercury in 
the tube. 

1 Acpulaion.—Beside the molecular force.* of attraction which we have been con- 

• sidcring, particl(?s of matter exercise a repulsive force on one another, when their particles 
' arc brought sufficiently near to one onother. Heat seems to be tho great source of this 
; repulsive power, and some authors have supposed every particle of matter to be sur- 
' rounded by an atmosphere of heat, to which its repulsive force is to bo attributed, 
i Both the attractive and repulsive force may be exercised in the same body at the some 
i time, as we shall sec under the next head of our subject. 

I ISlnstieity. —The term elasticity is referred to that ]>ropprty of matter which causes 

a body, whose shape has been altered by tho application of some cxtcnial force, to resume 
its former shape on the removal of the cause to which its change of form was due. 
Thus, if a ball of India rubber, glass, or ivorj', be dropped upon a hard pavement, it 
will rebound immediately alter it strikes the pavement with ctM^iderable force, and if 
the spot where it strikes bo covered with ink or paint, we shall have a manifest proof 
of tho alteration in shape of tho ball, produced &y its fall on the pavement, to finding 
a larger pwtion of the boll covered with the ink or paint, than could flive been 
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tile «iM if it letemed ito spherical ahapc. Hie force wbioli produocs the lebomid 
ie attrihoted to the elasticity of the bolt and is due to the lepnlsiTC ibive who^ the 
paitiefeB of the baQ cxorciac on each other, when they lae IhroiUy brought into Merer 
enmfue Kith One another. If this repolnTC force be greater than the cohetove force 
which the particles exercise on one another, or if the ibree of the blow be stdBeicntly 
gyeat to lemore the particlea beyond the sphere of their cohesive force, our boU will 
' befractored. 

AH bodies arc more or less chistir, solids as well as fluids, some possesnng this pro¬ 
perty in mneb greater degree than others. Oases ud vapours are called elastio flui^ 
from the pcffti^ess with which they possess this property, ewing to tho powerflil 
T^ulaion their partii'lcs exercise on one another,—a repulsion almost without limit. 
Liquids appear to possess this pn^pertv' in ho weak a degree that they are sometimes 
called inelastic fluids, in et'ntradistiuctum to vapourt and gases; hut thU inelasticity of 
fluidit is only apparent, and nri«es from the great force of rq^uNion which exists between 
their particles, which causes them to resist any force which tcniLs to bring their portirle.s 
closer than the sphere of their mutual attraction of cohesion, witli snch energy that 
fluids can only bo compressed into a smaller bulk by the action of enormous forces. 
This, however, has been done, and liquid.s have shown, by the force with which they 
Wve recoTcred their bulk on th*' removal of the force of compre»-ion, that they arc 
highly clastic,—a fart that might have been anticiimted by the fai-ility with which 
I liquids transmit tho inbratiuns of a sonorous body, which is made to vilnate when im¬ 
mersed in them. Water conveys soimd even more rapidly than air,—sound traveUing 
through air with a velocity of about 1123 feet per second, and through water at the 
rate of 4708 feet in the same time. According to the experiments of M. Colladon, the 
sound of a bell was conveyed under water through the Lake of Geneva to the distance 
of abont wino miloa It must bo home in mind that 80 und.s made in the air are heard 
with difficulty under water, owing to the difficulty with which vibrations arc com¬ 
municated from one medium to another. It is to the elasticity of matter that wo 
are indebted boUi for the production and communication of sound. If a btdl be struck, 
its shape Is altered, the position of its particles arc changed, and their elanticity cau'iLng 
the body to resume the shape altered by the blow, a number of vibrations arc protluccd. 
Thc.ic vibrations are communicated by the cla.-itii ity and vibratioius of the air to the 
exceedingly delicate apparatus of our car, u'h'Tc ihi-ir intrn»iti«‘H are niuilifi(‘d or increased, 
and communicated to our sense of hearing. That an clastic body is necessary for oom- 
munkating the vibrations of the IkU to our ear Is proved by the common expmimeut of 
striking a bell under an exhausted rccei-.iT. when, if proper precautions be taken to 
prevent the communication of the vibration.^ of the bell to the air through tho medium 
of the vibrations of the support of the cxhan-itcd n*reivcr, no sound will be heard. 

If the vibrations bo eiAcr fewer or greater than a certain number, in a given time, 
no sound will be heard, thou^ this limit of the capabilities of hearing varies in 
individuals; some not being.able to hear u sound which is distressingly acvte to 
others. 

By the beautiful experiments of Chlodni wc have been made nequaintud with the 
., ezfraordinary vibrations which arc made by a floanding body, rad have been enabled 
to wianifegt. them to the eye. Take a rectangular piece of glaas; imeoth one of its 
edges, A B, by grinding it on a stone •with a little srad; hold it flrmly by rneani of a 
eoinnion|frand-vice, C, plaeing a littlo cotton wool between the glnm and the vice; then, 
if vice be screwed moderately, rad the plate be held by tho vice, and covered over 
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with dry sand, npan (faming n fiddi»>boir aiaoM tlui odge^ A B, a miutiial note will be 
produced. As soon as the aoiuid is heard, the particles of sand wiU be violently 
agitated, and projected upwards a oonaidacable distaaoo by the vibcattons of thd H fim 



but not eijunHy so (n'(^ the vholc* plate. In some parte there will be no apparent 
:t"itiirion, and if th.; note be sustained a few seconds the sand will be found arranged 
in Itcautiful and g»-ncrally symnM'trical figures. If the glass be held by the vice in the 
iriic position, tlic same figure will always appear with the same note; but if, cither by 
different iipplicution of the bou', or by altering the part where the bow is applied, a 
ilitlerent note is produced, the figure is immediately altered. If now a membranous 
’'.)dy. .sfretelied over a hoop, such as a tambourine, be cos'cred with sand, or, what is 
better, moderately coriTik* emery, and held near the glass while the plate of glass is 
vibrating, it will Iwi found that the vibrations of the glass can be conveyed by the air to 
the tambourine,—the vibrations of the tamUnirinc, though untouched, manifesting them¬ 
selves by the sound figures formed on its surface by the motion of the partieles of sand 
or emery. 

These «xperinients not only show us how general is the proptuty of elastici^, but 
they al-so prove that the partieles of a solid body are capable of being moved about 
one another with eon.siderable fon-e, without d('.stroyii^ the cohesion of the par¬ 
ticles, and exceeding the limits of ite action, and ret retain the characteristics of a 
solid body. 

Th^' vibrati<Tn« thus excited in a solid body, by means of sound, may sometimes 
I'.xcoed the limits of the cohesive ioree; and a gla.s.s tumbler has been broken by 
the vibrations produced by the voice of a powerful singer. For au^t we know' to 
the eontrary, the particles of all solid lxKli(.*s may be in a state of continuotis vibration 
and motion, tliotigh w’e may have no means of rendering their motion visible. Sound 
<-urve«, which are not mattife.sted on a vibrating glass or metal plate by sand, an* 
brought out by the fine light dust of lycopodium ; and we know, fjom the vibrations of 
tb»* sounding-board of a miLsieal instniment, that then* are many vibrations sufficiently 
powerful to produce sotmd, and not move the line dust of lye«>podium. The vibrations 
which may be produced in a solid body, by the subtile forces of heat, light, and 
olfsirtrioltiy, cannot bo e.xhibited by any such rough e.Tpedienta as the strewing of sand 
and lycnpedium on thoir surfaiCi;, but may be inferred from tlio beantifbl experiments of 
the psiariseopc. ^ 

If we cofundor a body as perfectly elastic which acquires, from ite elasticity, a finro 
exaotiy equal and opposite to the fbtw with which i^ impinges on a resisting body, and 
‘WO denominate this perfe(d^ elasticity by the numbOT 100, Mr. Hodgkinson has shown 
Bie dosticity of ^tess will be 94; of hard baked clay, 89; ivory, 81; Ifanestene, 
79‘> hardened steel, 79; oasiteiron, 73; bdl-mctal, 67; cork, 66; dm-wood, across the 
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filnrcy 60; braas, 41; lead, 20; and clay, just molleablo by the hand, 17. No aidtd | 

body is known which is ciUicr perfectly elastic, or perfectly inelastic. | 

Two metals, neither of which are Tciy clastir, may, by their combination, produce | 
a metal capaUc of producing musical sounds of great sweetness by its superior elasticity. 
Such metals are known by tbe name of ben-metal. It is not necessary that a body J 
should be hard in order to bo elastic; India-rubber i.H an instance of a soft body being 
highly elaatic. This substance also shows that elasticity is affected by heat; a piece of | 
India-rubber losing, to some extent, its elasticity by tbe application of cold. Tul- ' 
canised India rubber is a combination of India rubber and sulphur; more elastic, and 
preaerring its elasticity nt a lower temperature than India rubber. 

Cayillasy Bapvlsioxi.— If a capillary tube be immersed in mercury, the mer¬ 
cury, instead of rising in the tube, by the attraction of the sides of the tube, will Ik- 
repellod, and the mercury will not rise to the height of the fluid outside the tube. Tlie 
j some repulsion may be shown to exist in tho case where water is used, by greasing th*- 
I interior of the tube, or dusting it with lycopodium. If the 
I tube be well greased, and dusted witli lycopodium, so an 
i to cause the interior sur&ec of the tube to repel the par- 
! tides of water, the water will rise only a little way up the 
1 tube, as in 4e,' and its surface, a a, con.'tulenibly Ix-low the 
; surface of the fluid exterior to the tube, will b'* convex, a.s 
* in the case of mercair)'. If tbe tube be only slightly 
i greased, the water will ri-e to the le\Tl of the external 
I fluid, and its surface bo perfectly plain, a* in the tul)e dr; 
j and if the tube be perfectly clean, so o? to protlucc tbe 
j phenomena c>f capillary attroetiun, it will ris<N ns in the 
I tube / g, and its stufacc will be roncavc. 

This repulsion, exercised by the .surface of one b-xly on another, is the cauM* of thi* 
globular form of particles of quicksilver on surfare-i w hich tbe quick.-iiver is ineapuble »>f 
wetting, and of the similar form of the drops of dew on a leaf which h.-is not Wen wetted 
by the water. If drops of water be let fall on a surfare of p.'t|M'r which has been 
greased, or dusted over with lycopodium, a like etrofl will !>«• produced. A sewing 
needle, when perfectly dry, may be made to float v. ith case on the surface of water, 
which will be visibly repelled from the surface of the needle,—a suffieient volume of air 
being retained about it, to overcome the force of the gravity of the needle, and prevent 
it from sinking. • 



Small bodies floating on water apparently attract and repel one another when they 
arc brought within a certiun distance, though this attraction and repulsion is duo to 

the capillary attraction and repulsion of the suriacc of 
the bodies and the fluid in which they float, and not 
exerted by tho bodies on canh otlier. Thus, if we 
grease two cork ImUs, A and 11, and dust Uiem with 
lycopodium powder, they wiU, when set upon water, repel 
tbe liquid all round, each ball rqiosing in a hollow 
space. If brought near to each other, their repulsion, 
exerted on the water at C, makes a complete depression, 
and diof fall toward ono another as though they were 
attractmg each other. It is, howcfvcr, tho lateral pressure of the water beyond, which 
Ibrces them together. Again, if one of the bells, £, is greased, and dusted with 
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lycopodium, and tho other, D, clean, and therefore caiwblc of being moistened, an 
olmration vill exist all round D, and a depression round £. When placed near 
together the balls appear to repel each other; the action in this caso, as in the former, 
j arising from the figure of tho surface of the water. 

I The dilatability and compressibility of solid or fluid bodies depends upon the action 
I of tho repulsiTO forces which their constituent particles aro capable of exerting on one 
j another, and the forces by which they are modified. These flinnes are shown to diflfer 
j greatly, according to the composition of the bodies in which they arc manifiested. 
j Chemical Aflnltj. —Besides tltc molecular forces which we have, been con- 
i sidoring, there are a vast number which arc most important in their effects, and are 
, classed under the general name of Chemical Affinity. Most of the molecular forces 
; which we ha^’c hitlicrto considered are pnxluml by the mutual aetion of the particles 
of homogeneous bodii's, or bodies compostnl throughout of the same kind of substance 
' upon one another. Tho force-s of attraction or repulsion manifested by the chemical 
bffinitics of substances for one another, arc prodwed by the action of dissimilar sub¬ 
stances. Wo refer the forces which hold a bar of iron together (andhy their action 
eauso its rigidity, and the vibrations of its portielea^ and to which the bar of iron 
owes moat of its characteristic properties) to the forces of attraction and repulsion, which 
we have uircudy eonaidcred; liut its rusting whou exposed to the air, and its solution 
in an acid, and the means of obtaining the iron back again from its rust, or from the 
salt formed hr its sohition in an acid, wo attribute to certain unknown forces and 
properties of uiatU'r, designated by the tt-rm chemical affinity, or repulsion. 

The consideration of chemical affiiiitr, in all its details, would lead us through the 
wide domain of the science of chemistry ; consequently, wc can only give such a view 
the subject .as may make the term cheini»'al affinity intcUigiblo to such of our 
readers as are unacquainted with chemistry; referring them for further information to 
special treatiw's, but yet indicating the most important properties of matter classed 
under this name. 

Wo have already mentioned that sixty-three simple substances have been discovered, 
which have hitherto resi'^ted every attempt to reduce them to simpler elements, and to 
which we gave the name of simple, or indeeomposiblc elements. All tho bodies wc 
meet with in nature arc either composed of some one of these simple elements, or (dsc 
formed by the union of two or more of them. Sometimes this union is merely mechan¬ 
ical; as, for instancre, if we were to mix a quantity of sand and sawdust together, 
and unite them into a moss, by means of glue, or somo other substance, the par¬ 
ticles of sand, glue, and sawdust would remain unaltered; or the union may be of 
a different nature, as in the cxsc of iron-rust, to which we have already alluded. Iron 
is a simple clement, and a metal. Oxygen is a umple clement, which as yet, in its 
simple form, has only been obtained as a gas. Now the oxygen is found to unite with 
iron in certain proportions, and form a new substance—iron-rust—which differs in all 
its properties from either the iron or the oxygen from which it is formed. By no 
mochanioal tweawa of division whatever can we separate the iron firom the oxygen in the 
most minute particle of the rust which we cun procure. Rust is an instance of a 
chemical combination of iron and oxygen, and is known by the scientific appellation of 
an oxide of iron. This is not tho only oxide of iron; chemical combination of the 
oxygen with tho iron, to form iron ru^ wc attribute to certain unknown properties of 
the particles of matter constituting iron and oxygen, which we call their chemical 
affinity for one another. 
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Tlierj arc two kinds of dicinical affinity, differing tnm one another; one in wbkh 
aulMtances are capable of combining witik one another, one of the substances being in 
any proportion whatcror to the other, and the other in which the substanecs only unite 
in certain definite proportions. Solutimis of solid substances in fluids me an instanee 
of the former; iron*rust and water are instances of the latter. 

Spirits and water arc capable of mixing together in any proportiens whatOTer; the 
same is true for sulphuric acid and water; while some fluids, such as oil and water, 
cannot be made to unito. Common salt is soltible in water; and if some salt he dis- 
scdTcd in water, the quantity of water may bo increased to any amount; and the salt 
win bi‘ combined a-ith crery particle' of the water; for a given portion a£ water, Hbw- 
CTcr, the converse will not hold good, .^fler a certniu amimnt of salt has beeok dis- 
sohred in the water, the water i.« iucapuble of dissolving any more, and the liquid is said 
to lie saturated. The same holds true Ibr many other substances than eomnsm salt; 
sometimes warm water, or a warm liquid, will take up more of a Si>lid than cold, and, 
j ill a few instant**’*, the revenw' is the ease. Some solids which arc soluble in one liquid 
[ are insoluble in another. Camphor is soluhle in spirit, and but slightly scduble in 
' water. If wc add water to a solution ofcamiihor in spirit, the camphor will Ikj inimc- 
! diately separated from the mixture in n white powder. Wc say that this effiH't is produced 
bv the gewter affinitj- of spirit for water than for camphor. Besidti these cases there are 
innumerable instances in which the chemical elements eorabino with one another in 
j definite proportions only, by wi’iglit, which has h'd to the important doctrine of chemical 
1 equivalents. Wc have already intimated, that if eiirht parts of oxygen, by weight, Itc 
] mixed with one part of hydrogen, hy weight, and tlie mixturo be romlanid. eitlicr 
I by passing through it an electric spark, or by any other means of ignitma the 
t mixture, on explosion will take place, and a quantity of water, equal in weight to the 
' sum of tb** weights of the gases, will be formed. If either of the gases he in excess— 

! thus, if there he nine ports of oxygon and two part.s of hydrogen—*mly eight ports of the 
I oxygen will combine with one part of hydifigen, and tin- n’niaininir jiurts eff oxygen and 
! hydK^en will remain uneomhined. It does not follow that these are the only propor- 
1 tions in which those two elements will ccrnibino. To take another instance. sixteen 
1 ports, by weight, of sulphur combine with eight jiarts of oxygen to form twent>->four 
parts, by wright, of hyposulphurous acid. The same weight of sulphur combines with 
twioe the previous weight of oxygen to form sulphurous acid, and with throe times the 
first weight of oxygen to form sulphuric at id. Xow what wc have said, for the com¬ 
binations of snlphar and oxygen, is true for th,* combinations of onvry otlier elementary 
1 body, when they unite together to form a new ehcmical compound by the action <rf 
their affinity for one another. Each snbstawc has a certain weight for itself; thus, if 
wc take the weight of hydrogon as 1, for one unit, oxygen will be 8 very nearly (it is 
not exactly 8 according to the analyais of Ikrzi liiis, but 8‘013, which diJfiTs from 8 by 
so small a’fraction, that wc may u.so 8 for it as an approfximation), carbim, 6 ; nitrogen, 
14 ; sxdphur, 16; iron, 28 ; and so on. 

Now it has been fining by an immense number of analyses, tiiai these simple cle- 
ments, when they combine togethor, always do so occording to some simple multiplee 
of their respective proportional number. The now substaimoa, thus formed 1^ the eom- 
bhutlou of two elemontory eubstincea, have, for their cqnivalmit ear comWafrig wei^t, 
the weig h t which is the sum of th* wei^te of their constitnenis; and eamfaiBe either 
-with other rimple elements, or their oompoonds, generally in, umpl* multiples of their 
equivalent weights. The elements are generally designated by ehenusts by the Aral 
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letter eir two of tiioir names, nometimes usin^ the Latin names of the substances. Thus 
oxygen is represented by O, hydrogen by H, earlmn by C, nitrogen by Jf, iron by Fe, 
gold by Au, &c. Xow' in this way compounds of these snbstenecs arc easily expressed , 
water is HO, hypo-Nulphoroos acid SO, sulphuroas acid SO®, sulphuric acid SO^, 
hypo-sulphuric acid S®0®; where the figures placed abore the sjTnbol of the substance 
shows the multiple of its equivalent weight, in which it enters into the combina¬ 
tion. Thus, in the last instance, twice the equivalent weight of sulphur combines 
with five times the equivalent weight of oxygen to form the compound called Hypo- 
bulphuric Acid. 

We have frequently mentioned that 8 parts by u eijrht (;f oxygen combine with 
1 part by weight of liydrf>gcn l'» forji wiiter. To f.>rni a table of equivah'nt numbers we 
say that 1 is the cqni valent of hydrogm and 8 of oxygtm ; we then find by analysis that 
10 parts of sulphur by weight (*ombine with 8 parts by weight of oxygen, twice S, and 
three times 8 parts of oxj-gen to form throe distinct compounds posscssii^ different pro- 
IKjrties; wc therefore take IG os the equivalent number for sulphur. In the same woy 
:28 is found to bt' tlie cquival(*nt for iron, and the process is continued, till we find the 
t'(|uivalent number for every elementary 8ul>8tanee. Instead of commencing with 
hydrogen for our unit, w.- uiiaht have chosen any other element. Tables have been 
coiistruoted, in which the equivalent of oxygen is 1, in which it is 100, and in which 
bydrrjgttn is taken as 1. ^ 

Dr. IVout pn>pu5cd the table in which hydrogen is taken as the unit, because ho 
supposed that all the elements combined in simple multiples of the cqmralcnt of hydro- 
gi*n. Dr. Thomson fiiUowod him, and thiis constructed a table in which no fraution.s 
entered; tlius, if we take 1 for the equivalent of oxygen, 0T2*> is the equivulunt of 
hydrogen, 0'7-3 of carbon, r7-3 of nitrogen, 2 of sulphur, and 3‘5 of iron; but if xfc 
take 8 for the equivalent of oxygen, 1 is that of hydrogen, 6 of earbon, 14 of nitrogen, 
18 of sulphur, and 28 of iron. The more accurate analysi-n of Berxelius haw shown 
that these latter equivalents an* not quite tnu-: thus, according to Berxelius, oxygen is 
8-018, carbon 6T25, sulphur 16-120; but for gc-n<>ral puiqioses, where' great accuracy 
i.s not required, the nunibt'rs in Thomson’s table will be fotmd very convenient. The 
r([uivalont of any body in the oxygeu scale may be found approximately from that in 
the hydrogen .<eah', hj* dividing its equiv-alent in the latter bj- 8; thtis, for hydix^n 
^ = 0'125, for carbon | = -To; and any numlicr in the hydrogim scale from the oxygen, 
by simply mtiltiplying tlic latter by 8. 

Kow the fon-es w-hich cause llie t lementary particle-s of matter and their combina¬ 
tions to unite with one another in tliesv* definite projHJrtions, and thus to form 
Rompoimds possc'^sing distinct propn tit's from the substances which compose them, -we 
call the forec.s of chemical affinity. The niolerular forces, which we have already con- 
sidured, materially modify these fortes. Few of the chemical forces ai-c sufficienily 
powerftd to overt'orne the cohckion of a solid body, unless one of the combining elements 
is cither in a state of solution, or else in a fluid state. Heat, light, and electricity, 
possess a oomidcrablc power in modifying these t-hcmical affinities of substances. Both 
heat and electricity possess the power of overcoming these forces, and resolving many 
of tho ocuapound substances into their simple chments. This po-wer of decomposition is 
also oxercisod by diflbrent substances on ono another. Some substances arc said to 
possess a greater affinity for ono substance than apofrier. When ono substance, on 
being added to a fluid in which another substance is diasol-ved, causes tho latter to be 
wpoinrtedfrom tho fluid and is itself dissolved, the action is called single electi-vc affi- 
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nify, Sulphixrir aciil liiu a viugle elective aftinity for the following aubotanecs, io 
the order in which they atand; - 

Baryta. lime. 

Stnmtia. Ammonia. 

Potaftia. hlugncaia. 

Soda. { 

I Thus, among tlicac sii1>stanccs the a£nity of sulphuric ac id for baryta is considered the 
! strongest, and for magnesia the weake.^t. None of the aubatances enn separate baiyta 
i tirom its solution in sulphuric acid; oilcan separate niagncaia from its ttolution. Again, 
j soda can »‘]»arate lime, ammonia, and magnesia, hut not pobiss.i, Mtrontia, or baiyia, 

' from their .vdution in sulphuric acid. 

Sometimes comp-tuitions and dt compositions, which cannot be ciTccted by singh' 
elective affinity, arc pmduced by a double dt'^romposition, wliich is calb-d double clwli^c 
I .affinity. Thns, if 130 parts of the nitrate of barj'ta, dissidved in water, be mixed with a 
solution of 88 parts of sulphate of pota«h, the nitric arid will leave tlic baryta to coin- 
bine with the potiish, and form 10*2 parts of nitrate of potash, which will remain in 
solution while the pulphuric acid will combine with the barv'ta. and llfi parts of 
the sulphate of barj'ta will lie pn'cipitated. 

We are not enabled by these decompositions to arrive at a cnrriN t kimwleilgi* of tbo 
real strength of the chemical affinities of sub.^taneos as conip.an d with one nnotliei, .as s,i 
many unknown disturbing cau.ses may inilueneo our result.s. Thus, wben a atrean: of 
> hydrogen gas is passed over oxide of iron heated to redness, the oxide i> reduced to the 
metallic state, and water is gencratiHl, from which we might infer that hydrogen has n 
.stronger affinity for iron than for oxgen. If, <in the conlrarj*, waterj' vap<iur is brought ' 
into contact with red-hot iron, the vapour is decomposed, and oxygen i onibim .s 
with the iron, whiJi would lead ns to concluiii* that the affinity of iron for oxygen 
was stronger than that for liydrogen. Tlicse inferenees arc t learly iiieuuipatihlc w’ith 
one another, gince the affinity of oxygen for the elements inni and hvdr.)g<«i mu*-! he 
either eqmd or unequal. We are not enabled, therefore, to measure the relati\e 
intensity of the chemical affinities of different suhstanees for one another. 

CT]^ttaUixie Force-— Bodies which assume the solid form, an* either nnioqdious. 

1 that is, without sha])c or definite form ; crystals, in which eu.se their snrfuues are j 
, grmerolly plane, and inclined to one another at definite angles ; or erj'.st,allinc, when 
they are romposed of on irregular aggregation of minute crystal**. Hurley-sugar is an 
instance of an amorphou.s body; migor-candy, of a crystal; and a lump of loaf-sugar, 
of a crystalline body. Marble is an instance of crystalline form ; but, if it be ground into 
the finest dust to w'hich it can be possibly redure^ the particles, viewed under a powerful 
microscope, will present well-formed ciystals, resembling those of Iceland spar. It is i 
probable that most, if not all, substances would crystallixo in pa.ssing from tbe fluid to 
the solid state, if some distorhing cause did not prevent the particles from arranging I 
themselves symmetrically about one another, \mdcr the influence of those molecular 
forces which cause the b^y to assume the solid state. Many substances are found os , 

! {/ystals in the mineral kingdom, which wo cannot cTj^stallize in the laboratory, | 

I Water i.s frozen readily into ice, 'which possesses some of the attributes of a crystalline j 
i body, both as to cleavage and optical properties, ■without inrcscnting iw with definite 
forms. The eiystals of water cannot be obtained artificially; but in snow they ore pro- 
! sented in great variety and most brautiM combinations. 

1 Crystals may be fonned in various ways: by sublimation, as in the case of arsenic 
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and aulpliiir by the evaporation or coding of a fluid in which the solid is dissolved * 
and by the simple passage from the fluid to the solid state, as in the ease of sulphur 
I and moat metals. 

! The varieties of crystals arc endless; more than seven hundred difli'rcnt crystals 
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of oue Hiibstaiu-t —< .'irhonati' of Hnx—have Invn lisuri'd and deserilKd. It is luund, how¬ 
ever, that tin: most roin]iIieated fonii< may Ix’ redueed to comparatively few simple ones, , 
hy olmTvinp \ihiit simple symmetrical solids would be fomu d bj* tliose faces of a crystal . 
whicli have a symmetrical relation to one another—if those faces were supiwscd 
Ut Ik* c(»ntinued, *>0 tus to form a solid. 

'rhcsi* Kiinple symmetrical sidids are fn*quontly found pofcctly devi‘loiH*d among the 
erj'atals of tliosc* sub.stunees from whose more complicated forms they may be derived. ; 
'Fhe simple form.s tlms obtained an* found to arrange thennsclves into sixdistinct groups; ; 
the forms in each gnajp being eoiini-eted v ith one onolher hy distinct relations and 
law.c. 'nu*n<’ grtmps an* termed <y.stciii.> of ery.stallization. It was supposed by Ilaiiy, 
that there was u jirimitive form f<ir tin* elementary |ati»m of evciy crystalhza- 


hle substaiu*(\ and that all tlu* varieties of forms 
j resciiU'd hy iu ery*>tals might he built up hy the 
union <»f tlwse priniitiw atoms. Tims tin* accom¬ 
panying diagram shows how he conecived the more 
eoin]tlieatcd form of tlie rhouibie dodecahedron, a 
solid hounded hy twelve <-qual and similar rhombs, 
might be built up of cubical poiiicles. llaiiy's prinkitivc 
atoms were cubes, (K*tohedra, rhomboids, uu<l sqiiare 
or oblique prisms, uecording to tlie system to which the 
crystals Iiclongcd. This hypothesi.s of llauy, though 
it. is not now maintained, on accoimt of the many dif- 



licultlcs which a mon* extended study of crystallo¬ 
graphy has pi*eseutcd to its reception, has led, howcvcnf to the discovery of the geome¬ 
trical laws upon which the systems of cryatoUograp&y on* founded, and has impressed 
its nomenclature too flrmly on chemical science to be easily eradicated. Dr. \S oUaston, 
instead of supposing orystal.s to be formed of cubical or other solid particles, bounded 
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j by phuko Okroa, ctmaidvnjd all the crystulUiic fonui of the ouhioal system of oiyatids to be 
I hops up of small spheres, aud the forms of the other systems by pnilato ami oblate 
' spheroids. Ilis hypothesis, hoa-ever, is not more successful than that of Hatty's, in 
aeoounting for the excocdlngly coiuidicat«.d arrangaments whioh would havotohe wude, 
in order to build up many forms occurring very frequently among crystals. 

CleaTage,—A must inWn'sting prop<'rty of crystals Ls, that many of thorn can Ih< 
split or cleared in certain definite direvtions, parallel to certain geometrieul solids, with 
great ease; thus showing that there are certain din'Ctiuns in which the cuhcaive forces 
which hold the particles of crystals together act with less inU'nsity than othraa. 

The forms of ciystals and their cleavages present us with the bt'st hope, by a careful 
study of them, to arrive at a knuwicilgc of the lawn of molecular furci*; us these' solids 
may 1 h‘ con.'>id('r«>d mathematical and geometrical expressions of the htws by which 
these fon-es act on the particlis of u solid IkkIv. 

Different .substances, which an> found U» uy’stallusc in forms m hose solid angles 
present the same measurement, arc caUed iso-inorphoiis, that l^, «if Ukr skapt '— 
i the fvnrm of their ultimate utom<*, according to the hj-pothcM-s of llaiiy and 
I Wollaston, being suppoM'd to l>c identical. When the same substance is found 
( iTystallusing in fonns belonging to two or three different .systems of eryatals, it i.s 
j said to be di-mor])hou<, or tri-nu>ri>hoiis—that is, of two or thne primitive form' 

; thus the atoms of carbon and sulphur ore di-morphoiis—that is, in one l omlition Uie\ 

' take one primitive form, and in the othiT another. Jt is found that thi.s ehunge take' 
place in a body by an alteration of teitipcrature. J1 it thi.<t fact of dimorphism which 
presents an a}ni«>st ijuupc'mbU' objection to the theories of llaiiy and WaUaston. It 
would be wiser, howewer, to eoufuss our utter igntironee of the form of the idtiinati* | 
particles of matter, if they have any, and patiently to cuUeet new facts, until some more 
happy hypothesis may be discovered to euabh' ns to group togetlier a larger number of 
fiicts into some law of nature. 

It is found that i*ertBin substances arc capable of repl:u-ing one another in ucrtaiii 
compounds—^such. for instance, as the alums and gam<‘ts—without altering Chair crya- 
' taUine form.i. Substances whidi thus replace' one another, an* sakl to bt' isomorphous 
j dements. 

I Stsanctlt of Matezlnls.—The strength of n solid is identical with tho degree 
in which it possesst's the power of n'taining it* figure against tlie tendency of it.s 
I Component parts to olwy the infiacmK' of gravitation or any similar di.sturbing force. _ 

I The cffef'ts of a force acting on a solid body are numerous; the chief being ozU'n- 
i .'ion, comproBsioin, detruaion, flexure, torsion, alteration, and fraeture. The power of 
losiating these eflccta is not to be determined, in the ease of particular substancoa, other> 
wise than by expeiinient. A body is subjected to extension when a weight is sus¬ 
pended below a fixed point; and in Ahis ease a body retains its form by its cohesion, 
aaaisted by r^idity. When a weight is supported on a pillar iilaced below it, the 
infiar is cmiqireBaod, while it plainly resists the effect by a ropttlsive force, but seconda- 
lOy, also, by riffHHy. Detmsion takes i>laec when a transrersc force is applied dose 
to a fixed point, in the same manner in which the hlad<« of a pair of scissors act on the 
pin ; and the force which resists this operation is principally the lateral adhosion of the 
component parts of the substance, aided by a degree of mlhcsivo and repulsive force. 
Flexure is brought about by the aj^cation of three or more forces to different parts of 
a aubetance, by which it is bent, aomo of its ports being extended, othon eon^rewed. 
In toarsion, m* twisting, the ocntrol particles remain in their natural state; 'while those 
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whiek am ia (qppoaito putf of the cireiunfciience aro diiplaced in opposite diioctions. 
When by the operatioD of any, or of sereral, of these tbroes, a permanent chaa^ is 
effeoted, that kind of alteration has occurrod vhich is termed “ settling," or taMug a 
act" Fracture is the limit of all the before^mentioned effect8.>-Tovifa. 

Two kinds of forces axe concerned in all these eflfbets-—namely, simple prcsairo 
impulse. The simplest way in which a body can be brokmi i.s by tearing it asondex. 
The oehesive force continnea to be increased as long aa the tenacity of Ac substance ! 
allows Ac particles to bo separated from each oAcr wiAout a permanent oltaTwrion of 1 
fonn; and when this has been produced, the same ibree, if its action is cimtinuod, ib 
generally capable of causing a total separation of continuity. 

A body of a pjund weight, fulling from Ac height of a yard, will produce the same 
efibet in breaking any substance as a bo<ly of three pounds falling from Ae hnighf. of a 
foot, aiuoc their rnomeuA arc equal. If Ac pressure of one hundred pounds break a 
given substance after extending it Arough the space of an inch, Ac same will break it 
by striking it with Ac ^vlocity Aat would l»e acquired by Ac loU of a heavy body 
from the height of half an inch , and a wtight of one pound would break it by falling j 
from a height of fifty moht>s. 

The following iiassage from Ac work of an eminent pliilosophor illustrates some of | 

! Ac difficulties in this subject:—" There is a limit beyond which Ac velocity of a body 
striking another eumot be inereast'd without overcoming its resilience, and breaking it, 
howe^'er small Ac bulk of Ae first body may 1m* ; and this limit depends on Ae inertia 
of Ae parts of the second body, which must not be disregarded, when they arc impelled ! 
wiA a eousidenible v<-lM-ity. For it is demonstrable Aat Acre is a ccitain velocity, i 
dopendmt on Ae nature of a substance, with which Ae effect of any impulse or pressure' 
i' transmitted Aroneh it; a certain iMirtiou of time, which is Aorter accordingly as At; ^ 

I hcsly is more elastic, being required for Ac propagation of Ac force through any part , 
of It ; and if the actual velocity of an impulse Im* in greater proportion to this vdocity 
than Ae extension or comi>ression of wliich Ae substance is capable is to its whole 
length, it i** ohrious that a separation must be produced, since no parts can be extended 
or oorapressed which are not yet air»*rted by the impulse, and the length of Ac portion 
affected at any instant is not sufficient to allow Ac required extension or compression. 
I'lius if Ae velocity with which an impression is transmitted by a certain kind of wood 
be J 5,000 feet in a second, and it be susceptible of compression to Ae A of it? 
length, the grcatcsit velocity Aat it can resist will be 75 feet in a second, which is equal 
to that of a body fulling from a height of about 90 feet. And by a sim i lar comparison 
we may determine the velocity u'hich will l»e sufficient to penetrate or break off a sub- 
■tance in any oAer manner, if wo calculate Ae velocity required to convoy Ac impulse 
from one port of Ac substance to Ae oAer, and ascertain Ac degree in which it can 
have ita dimensions altered without fracture. 

“ It is easy to understand from this statement the different qualities of naAral bodies 
wiA respect to hardness, softness, toughness, and brittleness. A oolunm of dhallt. 
capable of supporting only a pound, will perhaps be eompressed by it only a Aousandth 
part of its lengA; a column of India rubber, capable of suspending a pound, may be 
extended to more Ami twice its IcngA; Ac India rubber will Aerefore resist Ae cnergj' 
of an impidse incomparably greater Aon Ae ebalk. A diamond, Ao hardest substance 
in nature, may bo broken by a moderate blow wiA*a small hammef in Ao direction of 
one of its cleavage pianos. A weight of 1,000 pounds, moving wiA a velocity of one 
foot in a second, and acting on a small surface of a board, may possess sufficient energy 
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to hRNik or penetrate it. With a vtiocity of 100 feet in a second, a weight of <fVth of ! 
a pound will possess the same energy and produce the same offoot, if it act on a similar | 
surisoe; hat if the wood be so constituted as to be whoUy incapable of resisting a ; 
velocity of 100 feet in a second, it may bo penetrated by a weight of ^^th of a pound j 
as well as by ^ moderately soft substance as well as by a harder. Tho < 

whole board, however, if at liberty, would receive a much greater momentum from the f 
impulse of the lurgi' weight than from that of the small one, its action being continued ' 
for a much longer time. And it is for Uiis reason that a ball shot by a pistol will per¬ 
forate a sheet of paper standing upright on a table without upsetting it." 

Thus, however easy it is to describe in gonerul terms Jthe nature of a .solid as that 
form of matter in which the e^ihesirc forco resists gravitation and preserves form, we 
find it to be a very complex subject when otu: attention is directed to the relative 
I stn*ngth of particular substances, and to the numerous niotles in which that strcngtli 
I m-iy be tried. As respects, however, the force of cohesion in solids to n'sist gravitation, 
i one or two illustrations remain. If a substance Ik: conceived tn lie raised in the furc! 
of a pillar to an unlimited altitude, a height will be at last attained at which its owii 
weight wQl crush its base. In the same manner, if a pillar of any substance be con¬ 
ceived to be suspended by one extremity, there is a certain length of every substancr 
; sufB(>ient by its own weight to snap biu h a pillar at its upi>er part. There Ls a ccrtaiii 
height beyond which trees of each ])articular kind of wood caimut rise, oa ing to then 
own weight proving too great for the lower part of the trunk to sustain it m ithuut being 
crushed. In like mamur, animals cannot exceed that si/e the weight of vhich can b< 

; sustained by the stri'ngth of tlieir textures. Animals of iuu>'h greater si/i- can exist ii’. 
water tifan on land, since the movements of Uie parts are bustaint-d by Uie HujK'rio: 
cla.stieity of tlie wal- r over air. * 

We find ph 3 ’siol<>gi.sts laying it down as inipos-ible for human beings to have existci'. 
on the earth of very great .iup<Tior stature to the height of men in gent'ral. Tin* argu- 
in-'Dt proceeds on the assumption tliat the eoniponent textures of a human ImkIj* eoul. 
not have been much stronger thau tho-e of the pre^imt rare of m< ii. If this lx; adiiiitt«'<I. 
it fi>llows that, under any considerable inerca-si' in the bulk and tiu weiglit 4)f the biHl\ 
j tlie textures would have been tom a-uuder in the ordin.aiy uiovciucnts of the ihuni 
I In correspondence with thc.se %i. w» i' the !i]vtmlttlion dwell on by wjiae writers o:, 

I astronomy, that if human licings < xi.st in tho planet Jupiter they must be of Ycr\ 
diminutive stature, since, owing to the ^‘iiorinous mas-s of tlnatplaiod, Uie force of gravi- 
I tatiun at its surface very far exceed.^ ;)»at force at the siudiu e of our Ctirtli. On the 
; coTitraiy, that if human beings exi"! on .some of the more reecutly discovt-ix'd asteroid.-. 

} .such as Ceres and Vesta, the mass of which is insignificant as compared to the earth. 

* they may be of the most gigantic lo ight, even one hundred fe< t high, without expi*- 
riencing any more difficulty in moving about the surface of tbeir planet, than man 
finds in moving on the earth. 

Beatf El^ctxiclty.—The effects of heat, light, and < lectrieity cn 

tho properties of matter, are so numoroii.s, and ponderable nuttier atfeels these agents 

* in so many ways, that no description of tlicm can be given without discussing the 
; laws of these marvellous agents of the creation, and wc must therefore reserve these 
i interesting topics for our lutparatc essays on Heat, Light, and Electricity. 

* * 1 I 
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, Mbciiakicai. Philosophy is that brancli of Natural Philoso|>hy which investigates the 
j laws that govern the action of force on matter. By the application of the purely 
! mathonaticol sciences to a few general results, suggested by experiment and universal 
; experience, we demonstrate these laws in their highest degree of generalization, and 
! under all the various conditions in which force can produce an effect on matter, 
j As wo have pre\'iously shown, in oui* treatise on the Properties of Matter, matter 
! may exist in three states—the solid, liquid, and aeriform. Force we hare defined to 
! be that which cither produces, or tends to produce, the motion of matter. Force may 
; therefbre be considered in relation to its effects on these three conditions of matter. 

' When forces produce the rest or equilibrium of the. body, or system of bodies to 
which they are applied, we have the three following distinct subjects:— 

1. Statics,— the rest, or equilibrium of solid bodies under the influence of finues. 

2. Hydrostatics,—^ thc rest, or equilibrium of Jluid bodies under the influence of 
forces. 

3. Aerostatics,—^ tho rest, or equilibrium of aeriform bodies under..the influence of 
forces. 

\Fhen motion is the result of the application of forces to these conditions of matter, 
wc have dien these three subjects:— 

1. Dynamics,—^ thc motion of solid bodies produged by the influence of forces, 
j 2. H YPBODYNAMics,—^thc motion otfuid bodies produced tby the influence of fiuecs. 

I 3. Aerodynamics, or Pneumatics,—- the motion of aeriform bodies produced by the 

‘ influence'of forces. 

NATURAL PHILOSOPHY.— No. II. ti 
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STATICS. 

Tiuit fanDM6& of MieohaaiWl philoiopllll^'iltf^^ treate of the rest, or oquilibriuin of 
aoSd'lMdiea, trlien lAder the acUoil of is oalled Stalies. Statics is derived 

ftonifm Gro^ vord, sprarunv, the science of weig^ 

■ llUiSestkl MirttiAe.TThe attifllest iKuttott tato which an^r solid IMjr cAtt bo oon* 
oeirefAto be dirided by anj meiiip'wliatem-, we osH a MsIciistBifdbte. Thkmateiisl 
partide is an abatxoct mental coi ia yri on, altofetbcr.independairi of any theoriffi of Gtc 
nUamate division of matter, and dbemot theMfiiie c o rr e spond wiGithe atom disouaaed 
in the propertiee of matter. The material paetiele is a mere gWmwIirical pointy which 
we eMmeive desritnll' of crery property aar^ one— that of behig get in motion, or 
bnm^dd to rest under'the influence of forces a'hioh are supposed to act upon it. It is 
conceived to be dcstithie of form or sensible magnitade. 

RigUf Mo4tf.-~A rigid body is a coUoction or assemblage of n flumbcr of material 
particles, held together in an inTariablr form, by forces of such inUmrity, that no con¬ 
ceivable force is supposed to be capable of altering the form of the body, or disturbing 
the position of atiy (f he particles, I 

Thu rigid body is also a menial abstraction, bavii^; no representative in nature, j 
No material solid, witih whidi we are acquainted, is perfectly rigid, though the nnknou-n 
molecular foress, which hold the particles of most solid bodiM together, are so great, 
that for many practical purftoscs we may regard them, witliin certain Uihits, as rigid. 
The various solid bodi»^ which occur in uatiire, tiumgh dilTcring from one another by 
many proi)erties, seem to ono pn»pert} iu common—that <>f }>eing aide to trans- 

mit any force applied to any one of their particle.^, luiimpaircd iu intensity, through all 
the particles of their substance, which ar*' iu the stame straight line with llie direction 
of the application of the forec. Experiment shows that nio^t >ol)d lunlies jmsscss this 
property more or less; it is this which di^stinguisbes, in a great measure, solids from 
fluids,—any force applied to a parti<4c of a fluid being conveyinl fhrongh every par¬ 
ticle throughout its substance in every direction. >• 

This property, which uattiral solid biwlies pt'-sesB more or less, we shall a.ssume our 
rigid body to jtosscss jierfeetly ; and this will enable us to enuneiale a principle upon 
which the whole scicitbc of Statics may be said to deijcnd. 

Filiiclpln nff the Tnunamission of Foace.— ^Vben a force, acting in combina¬ 
tion with others, holds a rigid body in equilibrium, tlie cqailihrium of the body will 
not l»c disturbed if we transfer the point of application of the force to any other point 
whatever in the line in which the force is actirig. 

Upon this ono assumption, suggested by uatmt* and ex]>criraent, together with the 
abstr^t idea of the nature of force as cajmblc of producing motion, and the idea 
already defined of a rigid body, the whole science of Statics can be built up without 
any further reference to natun* or cxpcrirntTit. AVe must b<*ar in mind, however, when 
we apply the conclusions to which the science of Statics leads us, that these conclusioiis 
' win only hold true, for the solid bodies of nature, so far as they pos.sess the properties 
of perfect rigidity, and the i>crfect transmission of fenve. AVitbin these limits we may 
apply OUT science to the action of forces on natural bodies with accuracy. 

Stoticn «a Abntnet ScinAo^Statics is an abstract mathematical srience, and 
many of its results cannot be directly confirmed by experiment, liras one of the 
rimplest propositionit, which we shall hercafter prove, is, tliat if two weights, P apd Q, 
be suspended from the extremities of a rigid rod, A II, resting on the sharp edgo of a 
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Buxipott at F, the weighta P and d will balanoe one another, and the rod AB wiH be 
in a atate of equiUhrium, provided A F be aa many inchea^in length aa Q is ounces in 
weight, and F B oa many inches in length as P is ounces in weight. This proposition 

cannot be xitoved by experiment, since it 
is only true on the suppositian il^ A B is 
destitute of weight, and no bar, whose 
weight is inappreciable, can be found 
sufficiently rigid to su|)port the weights 
P and Q however smaB^' and still remain 
perfectly straight under their pressure, and 
that of the shaip edge at F. It is true 
that anothm- proxKwition of Statics would 
enable us to take into account the weight 
of the bar A B. 

j If thu bar A B w’crv uniform throughout in fliielfnoiw ami the bar would 

, bnlaucc itself on the edge F, providid a ^ 

' weight equal the weight of the x>or- 
tion of the bar A F, was suspended- from 
; the i)oint A, F b being equal the half of 
I A F; and a weight,/;, equal the weight of 
i the i>Mrtiou of the bar F B, suspeuded from e, F a being equal the half of B F. 

i:>ux)podiug tlie difficulty of the weight of the biu- thus obviated, there would still 
remain another difficulty iu the uy of a perfect experimental proof of our simple itro- 
]‘oaition. According to theory, the slightest additional weight, addud to cither of the 
weights P or (I, ought to destroy tlte equilibrium of the bar A B, and alter its perfectly 
horizontal position. But this suppose.^ that the edge of the support If will exercise no 
/fiction on the surface of the ri>d A B. By a proper choie** of materials, for the rod and 
■.l»o supia>rt, and also of the angle of the edge of the support, this friction may bo con- 
sidenMy diminished, but it can never be al)=.ol\Uoly destroyed. If we coxdd succeed 
iu fulfilling an the eunditious we have indicatetl as necessary for the experimental proof 
' tjf tluj very simple proposition of our science, vrhich we have enunciated, we should be 
I .'ible to I'tmstrurt a perfect balance. That these difficulties are and not merely ima- 
j ginarj% is proved by the fact that a balance, sufficiently sensitive and accuiatv to supply 
I the wants of the modem analytical chemist, is a very exxjonaive imArument, and re¬ 
quires great skiU and accuracy, as well as scientific know-ledge, for its constmetion. 
j Though w'c cannot apiical to experiment for a rigid proof of our propositions, if we 
j «inakc the necessary allow-’anccs for tbo dificrence between the bodies on which our 
experiments arc conducted, and the imaginarj' bodies which our science supposes per¬ 
fectly rigid, and so forth, (Pitiful experiments will servo not only to give us clearer views 
of our science, but also to confirm our confidcnco in our abstract reasonings, by the 
approximate coincidence of our experimental results with our theoretical conclusions. 

Thus, if in the experiment before alluded to, wo make the necessary allowance 
for the weight of the bar, by applying the small weights p and g to the xxiiuts a and i, 
our experiments will approximate to the theoretical jiroiMisition in proportion os the 
friction of F on the bar is diminished, ond the b§r B is perfectly straight and accu¬ 
rately divided at the points a and b. 

cat B^iiili1>xiiuB«'~Ilaving defined a material particle and a rigid solid 
body, and their theoretical properties and condition, wo must next consider what wo 
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mean Itj Ibeir rest or motion. Wc iiay that a body or a .particle is in motion when wo 
perceive tfaue body or particle to change its position, and that it is at rest when it doea 
not change its position. )liis clearly implies, however, that wo have some moans of 
meaanring thin alteration or cliango of position, by reference to other bodies which w'o 
epBpdve to be at rest. Ilcnec it happens that what we suppose to be rest and motion, 
•TO g^erally only apparent rest and motion, and that thcTc is no subject on which our 
senses more frequently lead m to form erroneous conclusions than when wo attempt to 
discriminate the real or absolute rest and motion of objects from their apparent rest or 
motion. When wc sec a body change its position relatively to othtT bodies, wc cannot tell 
whether the body which seems to move really docs so or not, till we know whether the 
bodies relatively to which it appears to change its position, arc themselves in a state of 
rest, or whether they arc all moving together. It may so happen that tlie bodies may 
be moving, though we are otursclvcs unconscious of their motion, and in this case the 
body which apparently moves may be really at rest. Instances of this kind an> of daily 
occurrence. A person on board fdiip, where his own body, as well as all the surround¬ 
ing parts of the ship are apparently at r(>st, sees all the objects which the ship 
pasaca, carried, a.<i it were, past him with great velocity; and were he not conscious, 
from other considerations, that the ship on which he stands was really in motion, he 
would have some difrieulty in conceiving that the apparent motion of tlie stati(tnnry 
objccts the ship posses by, wa.s not real instead of imaginary. Tins is strikingly illus¬ 
trated by looking out of a railway carriage, when moving quickly; the objects, such as trees 
and houses, near the carrioge, are api»arcntly carried by^he window with great ropidity, 
while those at a greater distance seem to pass more slowly. If, while waiting at n 
station, a train passes slowly by, it is often verj- diflienlt to tell whether the train in 
which wc are seated is at rest or in motion, iinlcss we correct our impression by lr»nking 
out of the oppo.sitc window, where wc can compare tne position of the train with the 
fixed objects of the station. 

Appaaent S«8t ox BKotiott of Hoawonly Bodies.—A popular knowledge of 
astronomy is now so common, that wo have no difficulty in jirrsuading persons dbat the 
apparent motion of the sun and stars in the heavens is not real. Yet this is a fact 
which can only be demonstrated by a long course of iutricate rea-sonlng, founded on an 
immense number of carcfnl observations. 

To an ordinary observer, the vault of heaven, studded with stars, appears to revolve 
round an imaginary axis, while the earth seems jKirfcctly at rt'st; cuch of the fixed 
stars describes a circle which brings it bock to the position in which it was first observed 
in an invaTiablclnicrval of about 23 hours 56 minutes. What arc called tlie fixed stars 
scorn all to move together with the vault of heaven, and never to change their relative 
positions with respect to one another. The planets and comets, as wcU as the sun 
and moon, have an apparant motion among the fixed stars. )n the case of the planets^' 
comets, and moon, this apparent 'motion is exceedingly complex. Sometimes a planet 
will appear to move forward with great rapidity among the stars of a constellation; 
then it will come, as it were, to a stand still, remain some time at rest, and then move 
backward. Ancient astronomers were well acquainted with the phenomena of roal and 
apparent motion, yet after centuries of painful rtscarch, ond the invention of most 
complicated motions, to account fbrethe apparent paths of the planets on the vault of 
heaven, without avail, it was reserved for the genius of Copernicus and Koplcr to 
resolve these motions into simpler ones, on the simple hypothesis that all the planets 
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were moving round the sun in orbits nearly elliptical, and never at rest. 
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j AatrmomY teaches us that every object on the earth's surhice which appears to iu 
I at rest, is rcaUy subject, along with the earth on which itis jdaced, to two motions; 

I one by which it is carried round the earth’s axis by its diurnal rotation, and another 
{ by wUch it describes the earth's mbit round the sun in a year. 

From those considerations it appears that there can bo no absolute rest for any 
I particle of matter by which we are surrounded, that perpetual motion is the read con* 
j dition of all material objects, and that when wc apply the reasonings and principles of 
j tlic science of statics to nature, it is the apparent and not real rest of bodies to which 
I we must have regard. 

In the application of the principles and conclusions of statics to nature, we may 
consider the earth os absolutely fixed and at rest, and neglect its real Inotion without 
. intnMlucing any sensible error into our experiments. According to the law of inertia, 

; considered iu the ** Properties of Matter,” all the l>odics on the earth ivill partake of 
the earth's motion, and we know of no force which will deprive them of this motion; 

] if, therefort!, any forces produce the relative motion or rest of a terrestrial body, com¬ 
part'd with bodies fixed with regard to the earth, that relative rest or motion will be the 
' same whether tlie eartli be really at rest or in motion. A familiar instance may make 
this assertion clear. If a ship under the influence of steam and tide he moving rapidly 
thnmgli smooth water, all mechanical powers, such as blocks and pulUes, the wind- 
la.‘^s, and all the parts of the most complicated steam-engine, will act under precisely 
the same cireumstaucc.<s, exert the same forces, he brought to a state of apparent rest or 
motion compared with the ship a.s a fixed object, whether the ship be at rest or in 


motion. A game of billiards, which requires considerable practical skill in mechanical 
science, may he played in the cabin of a ship without the players being aware whetiier 
the aht]) is at rest or in mntioqa Though, with respect to the earth, the balls, which 
vrere apparently at rest while the ship was moving, would he in reality not at rest, but 
moving with tlie ship. 

SteMiure of Fovea—Djnnmometeni. —Wc regard all forces as equal which 
produce the some mechanical cfiects, ond'in statics wc consider forces as equal, which 
produce the same effects, when applied in a similar manner, in bringing a body into a 
state of equilibrium. Instruments, by means of which these effects arc estimated, aro 
colled dynamometers, or force measurers. 

A very simple dynamometer consists of a thin flat bar of steel, A B^, bent into an 
angle at B, and properly tcmpcml, so 
that if any force be applied at A and C, 
to hiring the extremities nearer together, 
the force of elasticity of the steel will 

g usc the extremities, A and C, to resume 
cir position as soon os the forces are 
removed. The greater the forces applied 
to A and C, tho nearer these extremities of tho bar will he brought to one another. To 
measure this effect, a circnlor are df mctol, A C D, is fixed] perpendicularly to the 
surface of tho steel bar at A, passing fieely through an opening in the other extremity 
of the bar at C. Another arc, C A £, is similarly fixed at C, passing through an 
opening at A. Kings are fixed at D and E for the convenient application of forces 
whoso effects are to he estimated; and one of tho ores, A D, is graduated by a number 
of equal divisions. 

If the extremity E of the dynamometer he fixed to a beam, and a weight, P, hung 
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Imn ^ nng st D, tluA graduated arc will ahow tiu) sUtieal effipcto of Cbe weight P in 

f lmngfaig the dTnamonteter to a state of 
rest, with the extremitioa of the hoit har 
nearer to eaeh o&er tium they were ^ 

before tho application of the weight P. I 

14 instead of applying a weight P, we 
pull with our hand a string attached to ^ 

D, till wo bring the graduated part of 

tho arc at A to the same division, to g |g 

which the wright P broiight it, wo pro- 

doeo with our hand a similar statical 

effect to that produced by the weight. fj 

We therefore conclude that the forces V 

exerted by the weight and hy the hand H 

aro equal to ono another, tlmugh they 

are evidently forces of a very different 

character, the force of the weight being 

produced hy the earth’s attraction for the particles of matter of which it is comjw>?ed, 
and the force exerted by the arm bt'ing derived from the contrtietii>n'^ of tlie 
muscular fibres of the muscles of tho arm, duo to soino force which wc call the q 

TniMumlftr force, of the nature of which wc aro perfectly ignorant. ^ 

There are many other dynamometers besides that just dt'S4-ribed, sm-h as 
ono in whicb the statical effects of a force causing a spiral qring of wire ^ 
contained in a metal cylinder to be compressed, is measun-d on a grarbjated 
rod, as in the accompanying figure. The various'^kiiids of balances and sted A = ^ 
yards, which will be doscribt'd hercaft< r, aro all dynamometers. fc < ^ 

Unit of Force.—The experiment on the dyuamometfr, Jiut descriljcd, 
would lead us to infer, what is found to be true in practice, that weight iy tho ’oa ’ 
most convenient measure of fon-c whit hVe can adopt in statics. We say that J ^ 

a force of ton or twelve pounds is exerted on a body, if the force produces R 
the same statical effect on the body which a weight of ten or twe lve poimds RrKt 
applied in a similar way would prrwiucc. The unit of for<^* generally atlopted 
in this country'fol that caU<d a jiound weight. But here wc may be met with I 
the inquiry, what is a pound weight ? Tliia is a very important question, 
and has been detenuined by legislative enactment, offer careful delibf’ratinn, 7 
and tho repmt of a scientific commi.Hsion appointed for the considemtion of ra 
the difficult subject of standard W( ighte and measures. 

Poaada Txoy aaA Awoixdnipois. —By the Act of Parliament (5th Ui ^ 
George IV., c. 74, pasted in the year 1824, s(«tion.s 4 and 5,) it is (nneted—- ^ 
“ That from and after tho first day of May, 1823, riio standard Innas w-eight of ono 
pound troy weight, made in the year of 1738, now in the custody of the cleric of thp 
House of Conunons, shsB be, and tho same is hfireby declared to be, tho original and 
gteininc standard of measure of weight, and that such brass weight shrill bo, and is 
hereby declared to bo, the origin^ genuine standard measure of weight, and that 
aneh brass weight riiall bo and ia^hereby denominated the Imperial Standard Troy 
Pound, and shall be, and ia hereby declared to be, tho unit or only standard inoaanre of 
weight from which all other weights ahall be derived, computed, and aacertainod, and 
fimt one twelfth part of the aaid tn^ pound dull be an ounce, and that one twentieth 
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part of auoh ounce iibaU be a pennyweiubtyj^and that one twenty-fourth part of sodi 
pennyweight ahall bo a grain; so that 5760 aiidi grains shall be a troy pound, and that 
7000 ra<di grains shall be, and they are hereby declared to be^ a pound avoirdupob, and 
that onn sixteenth part of the said pound avoirdupois shall he an ounce avoirdupois, 
and that one sixteenth part of such ounce shall be a drsni. 

And whereas it is expedient that the said standard troy pound, if lost, destroyed, 
defaced, or otherwise injured, should bo restored of the same weight by reference to 
some iuvariablo natural standard; and whereas it has been ascertainnd by the com- 
miisioners appointed by his Majesty to inquire into the subject of weights and measures, 
that a cubic inch of distilled water weighed in air by brass weights at the temperature 
of G2 degrees of Fahrenheit’s thermometer, the barometer being at 36 inches, is equal 
to 2o2 gnilus, and 456 thousandth parts of a grain, of which, as aforesaid, the Imperial 
Standard Troy Pound contains 5760: Be it therefore enacted, that if at any time 
hereafter the said Imperial Troy Pound shall be lost, or shall in any manner ho 
destroyc«l. defaced, or otherwise injured, it shall and may be restored by making, under 
the diri'Ction of tlic Lord High Tn^asurer, or the Conimissioners of His Majesty’s 
Treasury of tlie rnileJ Kingdom of Great Britain and Ireland, or any three of them for 
the time lieing, a new standard troy pound, bearing the same proportion to the weight 
of a cnbict inch of distilled water, ns the said standard pound hereby established bears 
to suf-li cubic inch of water.” 

From f!iis Act of Parliajiu'nt it ajipcars that the troy pound is a certain arbitrarj' 
piece of brass whicli, weighed in air at a temperature of 62’ Fahrenheit, the mercury in 
the barometer standing at a height of 30 inc-ln #, is equal to the weight of 22 cubic inches, 
and SI5 thousand of a cubic inch of di.stilkd water. Distilled water is therefore 
the natural .standuid to u liich the unit of weight i.s ultimately refenvd. This standard, 
hou'ever, is R-ferrcd to a cubic incli, or a volume of water an inch in height, an inch 
in broadih, and an inch in depth. Wc must, therefore, have some standard measure of 
length. 

Wiit of Itength.—Tlio .Vet of Paiiiament just cited has also determined the 
standard unit of the mea.sijro of length. By tlu- first section of that act, it is enacted 
—That from and after the Lst da> i>i’ May, 1825, the straight line, or di.stancc between 
the centit's of the two puiitts in tin* gold studs in the straight brass rod, now in the 
custody of the oloik of lh(* Ilou.se t)f Commons, whereon the worda^d figures, * Stan¬ 
dard yai'd 1760’ arc engraved, shall be, and the same is hereby'TOclarcd to be, the 
original and gennino standard of that measure of li'ngth or lineal extension called a 
yard, and that the same straight line or distance between the centres of the said two 
points in the said gold stuiLs in the said brass rod, the brass being at the temperature 
of 62 degrees by Fahrenheit's thermometer, sluill be and is hereby denominated the 
I * Imperial Standard Yard,’ and shall he, and is lierchy declaivd to be, the unit or only 
standard raeasurc of extension, w’hcn*fi’om or whereby all otlier measures of extension 
whatsoever, whe.ther the same be lineal, superficial, or solid, shall be derived, computed, 
or ascertaintHi; and that all measures of length sluiU bo taken in pllrts or multiples, or 
certain proportions of the said standard yaid; and that one third part of the said 
standanl yard shall be a foot, and the twelfth part of such foot shall be an inch, and 
that - the i>olc or perch in length shall contain o,sJch yards and a hal^ the ftirlong 220 
such yards, and the mile 1760 such yards. ^ 

“ And whereas the said standard yard, if lost, destroyed, defaced, or otherwise 
injured, should be ros^d of the same length by reference to some invariable natural 
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staadavd; aad ^rifeereas it ha been asoertaiDed, by tho oominuMonen appointed by his 
Mi^eaty to inquire into the subject of ureights and measures, that the said yazd hereby 
dedarad to he the Imperial Standard Yard, when compared with a pendulum Tibrating 
seoaaids of mean time in the latitude of London, in a vacuum at the level of the sea, ia 
in the proportion of 36 to 39 inches, and 1393 ten thousandths part of an inch; Be it 
therriore enacted and declared. That if at any time hereafter the said imperial standard | 
yardahall be in uiy manner destroyed, defaced, or othcru*iso injured, it shall and may 
be rcetored by making, under the direction of the Lord High Treasurer, or tho Com* | 
muwrionerg of His Majesty's Treasury of the United Kingdom of Groat Britain and j 
Ireland, or any three of them, for the time being, a new standard yard bearing the same | 
proportion to such pmidulum as aforesaid, ^as tho said imperial standard yard liears to , 
sneh pendulum.” 

Unit of TInao. —^Timc is the ultimate natural standard to which' all incasunvi of ' 

• { 

length, weight, and capacity ore'refcTred in this kingdom. Timi* certainly is <*ne of 
the most convenient and perhaps the only natural standanl to wliich we can have ■ 
recourse to fix with acientifie accuracy our units of measurement. The value of time | 
in this respect depends upon the fact deduced by astronomeni, from oltservations ' 
collected and registered for many centuries, tliat the mean length of day and night is 
invariable; in other words, that the curtli always cnniplctc.s its rotation on its axis in ; 
the same period of time. This portion nf time is obtained by olMM‘rving the perio<l 
which elapses between tho passage of a fixed star over a certain iinagin:ir}’ lino in the . 
heavens, called the meridian of the place of obuT%Mtion, and itn next appearance on this 
line, and is called a sidereal day. The sidereal day is divided mb) twenty-four hours, 
each hour into sixty minutes, and each minute into sixty socouds. A cluck is an in.stn)> 
ment for measuring tune, and is set in motion by a weight; its motion is regulated by 
i the vibrations of a pendulum, and the number of its vil>rati«>n« an> registered by mean.*: 

' of a scries of whcel^ and indicated on the graduated face of the cIo4?k by the motion of 
; hands or pointers. The length of the pi'ndulum w hO regulated that its time of vibra¬ 
tion may be as nearly as possible one second, and these* vibration.*: being tx'gistCM by . 
the dock, if the clock indicate.^ that 24 hours, or 24 X ^*0 X 60, or 86400 stH’onds have : 
elapsed between one transit of the star over the meridian and another, the clock i.s said 
to be correct, «md will ofiurd us an accurate measiu'e of sidereal time. Buch a clock is ■ 

I called a aidereal^ock, and is one of tho most valuable and uaeful instruments in on ; 
j observatoty. Mnareal time is not, however, the time used for the ordinary transactions j 
I of lifle. The true solar day ia the interval which elapses between one passage of the'* 

I sun over the meridian and another, as shown by a dial or other means of astronomical 
: observation; this day is not invariable in length, but changes from day to day, being 
sometimes longer and sometimes shorter. To avoid this inconvenience, a mean solar day 
is chosen by tho supposed revolution of a fictitious sun, which shall be invariable ii^l !* 
length; and this time is dividcd.into 24 hours, and these hours into minutes and seconds,. 
as in die case of the sidereal day. This mean solar day is the time used for the ordinary,. 
or civil reckoning of rime. 'What is .'callod tho equation of time, is an astronomical 
calculation, which shows the difference between the time shown by the dial or tho true 
ymlar time, and that indicated tiie ordinary clocks, which show the mean solar or 
civil measure of time. The sidcrefl ^y is 23 hours, 66 minutes, 4 seconds, and 9 hun¬ 
dredths of a second of a moan solar day, and the mean solar day is 24 hours, 3 minuteq, 

66 seconds, and 56 huni^redth parts of a second of a sidcr^ day. The pendulum 
vibrating seconds, from which, by Act of Parliament, the standard measure of longth. 
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{ if loit, is to lie obtained, is to be a pendulum Tibrating a second of mean solar time 
I under the conditions specified in the act. So great, however, are tiio sdentific and 
j medbanical ditBoulties to be overcome in determining aoeuratdy the Icngfii of this 
j second’s pendulum, that though tho standard yard was so injured by the fire when tho 

< houses of Parliament were burnt down in 1834, and the standard pound troy altogether 
j lost, no attempt has been made to restore tho lost standards. The last scientific com- 

< mission aoenia to have considered the attempt to do so altogether hopeless. Fortunately, 

tho Koyal Astronomical Society liad a very beautiful scale construoted about the year 
1832, and three feet of this scale were compared many hundreds of 4hnes with the 
Parliamentary standard, and this scale must now be considered the scientific English ' 
standonl, and the best endenco of the parliamentary standard which exists. There is j 
aUu great doubt as to the accuracy of Captain Katcr’s determination of the length of I 
the second's pendulum which La adopted by the Art of Parliament; so that if the standard , 
wen.* to bo restored according to that act, it would probably differ from the lost standard j 
(Bailey’s Jleport on a Standard Scale, Astronom. Soc. Mem., vol, ix.) Two Acts of j 
J’orliamenL, 5 and 6 Wm. IV., c. 63, and 16 Vic., c. 29, Juno, 1853, have been enacted j 
since the fire, on tho subject of weights and measures ; but neither of them notice the 
loM of the standards, speaking of them os if they were still in existence. | 

Fxencli Staiidaxfis.— The French standards ore derived fcom. actual measure- . 
lucnts of the earth's surface. From, those measureraents the length of a line drawn ; 
from the pole «»f the earth te the equator is deduced. The ten-millionth part of this ^ 
line is called a metre ; and this is tho French standard of length. The deca-metre is i 
10 uiotres, the liecto-metre is 100 metres, the kilo-metro 1000 metres, and the myria- | 
metre is 10,000 ; while the clcci-nictrc is the 10th part of a metre, the ccnti-mctrc the j 
100th part of a metre, and the milli-metrc the 1000th part of a metro—Greds prefixes ! 
lN>ing used for the miiUi]d(‘s of the metn', and Latin for its paiia. The gramme, which , 
is th»' staaidiurd of weight, is derived from the standard of length, and is equal to the j 
weigh^f a cubic ccntinu'trc of distilled water, weighed at the freezing point. Tho | 
same jjflwxes are usihI before? the gramme, which arc added to the metre to express its ! 
multiples 'and parts. Thus a kilo-gramme is a 1000 grammes, and a milli-gramme the 
lOOOth port of a gramme. I 

The metre is equal to 3‘280899 English ‘feet, and the kilo-gramme is equal to 


3'204597 pounds avoirdupois. A 

PacMiure and Tension. —When a material body is in a stat^nf equilibrium 
tinder iho influence of forces,'the forces applied to tho b^y may either have a tendency 
to pro.s8 the particles of the body or to crush it, in which case tho forces are called 
pressures,they may have a tcndency'to separate tho particles of the body or tear it, 
j in which case they arc denominated tensions. A wpight placed on a body exerts a 
p||toessure on it Tu'o men pulling a rope, or weights suspended from a rope, exert a 
tension on tho rope throughout its substance; and) if'one part of the rope bo weaker 
' .'ihan another, and tb^sweight or force be sufficiently great the rope will break or bo 
tom asunder at that port. The tic-beams of a roof, which prevent the weight of the 
I roof from thrusting the walls of a building out of the ^rpendicular, are under tension, 
I while tho wallsjsupport dm pressure of the roof. It is of great importance, practically, 
j to diatingiiiwb bctwccn pressure and tension; fo» some substances will b^ a largo 
' amount of pressnre without injury, but will bo tom asunder by a far lo» amount 
of tension. 

Tlexlbla Co«d«.-:In theroretical statics, as wo conceive our solid bodies to be 
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pet i adfy #o we ooaceive tlic Btsiogt ^irfaieli Auppoit our wdgliiti to bo pefibetly 
tbo ame tuae perfectly liwctcnsible. It i» nocdleM to renuolc that no 
ndb noraiv atrings axe to be found in nature; but these hypotiiethfal bodka enable 
«a to diveai our proUems of many diffloultiaa, and to amTo at oondusions whioh may 
afkanrarda be ua^ in pnetioe with great accuracy, when experiment has enaUed ua to 
determine the want of flexibility in tiie material we use. For the aame reaaon, friction, 
or the roaistance whidi auifocos not pexfootly smooth opxKwc to the motion of a body 
over them, is at first neglected in our janldems. 

jMtloii nad HannttoB.— It is an axiom of atatica—that is, it is a self-evident 
txnth, or one which admits of no other proof than universal experience—that whatever 
force one rigid body exerts upon another rigid body, the latter opposes that force by an 
equal force, which is called its reaction. Thus if a 
beam of wood, B, standing upright on a floor, 
supports on case of its extrmnities a fiO 1h. u'cight, 

A, the weight A will exert 'a pressure of 50 lbs., 
actmgtdownwarda, on the beam, and the Ih'Oiu wUl 
convey this pressure to the floor. But tbo rigidity 
of the beam opposes a force to the weight which 
prevents the weight from faUinfS or <rushtng the 
beam; and thus a reaction equal oUlbs. i« eseite*! 
upwards hv the beam upt>n the weight. Again, the la'am pneast'S on the floor witli it.- 
own Wright, in addition to that of the oOlb. >uight; ami if the fJ*».»r b’ strong onongh, 
and of a material sufficw-ntly rigid prevtnt IJ sinking into it, the floor will eu'>tsin 
the pressun^ of A and B, which acts downwards; but it will iv-act upwanls on B with 



a force equal to the pressure B exerts upon it. 

m^«.4i4K»iwi of a. aiatmrlnl l^aarticle.— If a nintc-rial particle he acted upon hy 
two forces wliich are equal to one another, but acting in »»pporiU( dirt'ctions in tJic .laiue 
straight lino, they will neutraUso one another, ami the partis le W'ill he at rest. Thi'‘ 
arif-evidant, and d.qtcnds upon our fundamontnl iJ'a of the equality of forodr Sup¬ 
posing, however, that the two forces do not .let on the ^Miticlc in the same straight 
lins, but in the direct ion of strii;;ht I'.n-s imlim-d ti one another at some angle, in 
what direction must a force be appli< d to the particle, and of what magnitude must it 
h?, to noutral^thc cfT-ct of thc-ic tw/» forces both in the case whore the two foix'es 
ore equal, anPEo whore they are unequal ? 'fhis is one of the most important, and 
ndeed the fundamental proposition of statics. Before we can discover it wo must 
adopt some means of representing forces and thoir directions. 

ReFiMABtatlon of Fovees.— If wc represent the material point 
by a geometrical point A, wc may draw a line, A P, to 
represent the direction in which a force, say of P pounds, wT 
acting on the particle, and A Q to represent the direction yi 
which a force of U. pounds is acting on 
A; then if we tAe A P, P inches in 
len^fa, and AQ, Q inches in length, 
the Knee A P and A Q will rupreaent tho forces P and Q acting on 
Af both in ma^tude and directioi^ Thus if two forces, » j * • g^\ 

4 Ib 8 «*a 3 id another of 3 lha., are supposed to act on a particlo at ri|^ ®d'"" tn ■ jn 
angles, otr perpendicular to'one another, wc should represent them by thelmea A B, 3 
inches in longi, and AC, 4 inches in length, drawn perpendioulariy to one anothor. 
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It ia not nceossary to uao an iach aa tJie ropreacntativc of a pound, or tho unit of 
weight. Any other convenient measure,, each as the eig^ith or tenth an iaeh, may be 
used, if we keep to the same scale ilunugliout. It is usual to indicate tibe direction in 
wkicii the force acts by the addition of an arrow-head to the line which represents it. 

XMradtant.—If two forces, P and Q, represented infmagnitude and direction by 

the lines A P and A Q, act ’upon the point A, so as to 
cause it to move, it must begin to move in some dircc- 
/ tion. Let A E represent that direetion. Now we can 

/ * conceive that some force, 8, conld be ^pEed to A in the 

opposite direction to A E, in which A would begin to 
move, which would stop its motion and keep it at rest. 
Let A S represent this force in magnitude and direction. 
Then the particle A would be kept at rest by the throe 
gw forces, P, Q, and S, acting in the directions A P, A Q, 

^ and A S. If, now, the line S A bo produced to E, and 

A E bo taken equal to A S, A 11 will represent in magnitude and direction a force, E, 
equal to S, whinh, if P and U were rcmoA'ed, would counteract the effect of the force 
represented by A S on A. A E, therefore, represents in magnitude and direction a 
force M’hifli woiild have tho same effect on A, u ln'U it acted upon it by itself^ that the 
forces rcpi-est'nted by A P and A Q would have if they both acted on A. 

The force E, represented by A R, is call'd the revtUaat of the forties P and Q, 
represented by A P and A Q ; and P and Q are called tht‘ eoM 2 Knents of R. 

'I'hus. fur example, if three perfeetly sinoolli ]v'gs, 11, C. and D, he inserted in a 

lioanl standing in a vertical position, and three strings g -—---, 

be attached to a point, or simply knotted together at A, I b,.* 
and weights of 2 lb., 31b., and 41b. fixed to their ex- I N. j 

tromities, as iu the figure, the weights will balance each I / \ j 

other: and, neglecting the friction on the pegs 11, C, I \ t 


and Iff and .supposing the strings perfi*ctly flexible, the B i 

uhole will o«»rae to rc-it in the po>jition reproseuted, by I ’ ^\ [ 

tho diagram. The point or knot A will be kept at rest j it! 

by the tensions of the weights—that i.«, by a foreo of I . } I 

3 lbs. acting in the direction of A 11, 2 lbs. in the dircc- | | 

tion of A D, and 4 Ib.s. in that of A l.et another peg, I ' 

E, he inserted in the hoard, wunewhero in the straight 1 '‘IPl 1 

line C A produced, attach another string to A, and pass I 

it over A E, with a weight of 4 lbs. at its other extremity, I A 

care being token to support this latter weight so as not to I -AI ! 

‘^allow it to act on A till we require it. If, now, the weights 
of 211). and Slh.besuppoilcdsoastotakooff their tensions ■= - 

from A at the same instant that the second 4 lb. weight is allowed to exert ita tension 
on K in tho direction A E, tho equilibrium of the point A will not bo disturbed, since 
the tension of 4 lbs. acting in the direction A E will exactly balance the tension of the 

4 lb. acting in tho direction A C. The tension of 4 Jb. acting ih the direction A E pro- 
diioos, therefore, tho same effect on tho point A that the joint tensions of 3 lb. acting 
in the direction A B, and of 2 lb. in tho direction A P, both together have upon it. 
Tho 4 lb. tension, acting in tho direction A E, is called the restdtant of the 3 lb. tension 
in the direction A B, and the 2 lb. tension in that of A D. 
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PK0P08ITI0N I. 

VomUolosiam of Fosooo. —^Tlie propomtion vhich onablei iu to repmczit the 
resnUaat of any two forces which act upon a material particle in magnitude and direc* 
tion, ndien the magnitude and direction of the two forces nro given, is called the paia]> 
Idogcam of forces, and is as follows 

Let 1* and Q be two forces acting upon material point A. 

Let the line AB represent the force P in magnitude and 
direction, and AC the force Q in magnitude and dizection. 

Through B draw BD parallel to AC and through C, CD 
parallel to AB. 

Let D be the point where the lines BD and CD meet. 

Then by construction the figure ABDC is a parallelogram. 

Join AD, AD Is the diagonal of the parallelogram. 

This dis grmsl AD will represent the resultant R of the two forces P and Q acting in 
the directions AB and AC, in magnitude and direction. 

The parallelogrnm of forces may therefore be Urns enunciated. 1/ tiro farces aciiny 
upon a materialpartide be represented in magnitude and direction Inj two adjacent sides of a 
parallelofframj the diagonal of the pai afUlttgram, drawn through the jun$it where these sidtn 
meet, leill represetif their resultant hath in magnitude and direetion. 

We first show' that this x'toposition is true fur the direction of the resultant, 




■ and then that it is also true for its magnittide. 

i Ist. To prove that the parallelogram of forces is true for the direction of the rc- 
! sultant. 

When the forces P and Q arc cc^ual, the direction of the re¬ 
sultant will manifestly bisect the angle BAC, since U(» reason enn 
be alleged why the resultant fi>rcc R should incline murt! to one 
force, P, than to the other, Q. Since A BCD is a parollidogium 
whose sides AC and AB are equal, its diagonal, AD, will bisect 
the angle BAC, and tlterelbi-e AD will represent the direeSem of 
the resultant when P and Q arc equal. 

Let na now assume the proiH>sition to be true for two unequal forces F and Q, and 
also for two unequal forces P and S, wc 
can then prove j|j|utt it will be true for the 
forces P and Q ^S. 

Draw a pan^logram ABDC, having 
one side A B proportional t«) the force P and 
the adjacent side AC to that of Q, produce 
AC to E and moke CE in the same proper- 

tion to S fbafr. the other lines bear to P and Q. Complete the parallelogram ED. 

According to our assumption the resultant of P and Q will act in the direction AD, 
and that of P and S in tho direction CF. Now if all the points in the two parsllelo- 

grains bo supposed to be lipdly connected with 
one another, a force may ho transferred firom 
any point to another, provided tho latter be in 
the same straight Boo in which tho force is 
acting, without disturbing the equilibrium. 

Hence the force S acting at C may bo 
transferred to A, and wc shall then have a 
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force Q + S acting on A in the direction A C, aforco F acting on A in the direction A B, 
and a force F acting on C in the direction C1). 

If the proposition he true for F and Q + S their resultant will act in the direction 
A F, and these forces maj be transfiorrod from A to F. What we have therefore to show 
is. that the forces P and Q acting at A, and P and S acting at Cf may be so transferred, by 
the prineiplo of transmission of force, without altering the conditions of equilibrium 
that we may have tlic forces Q S and P acting at F and P at C. 




By our assumption P and Q acting at A may be rq>laccd by their resultant R 
acting in the diagonal A 1) of llic parallclopram C B, and the forces P and S by their 

resultant T acting in the diagonal C F of r _p_ ^ 

the parallelogram E D. / ~pT , .■■ '7 

Now, according to the principle of the / y' / / 

transmission of force, the force R may be / y / / 

transferred from A to D in the din*eti«u / 

A D, and the force T from C to V in the —--- / 

direction C F, as represented in the accom* 
panying diagram. 

Upon the same principle that wo re¬ 
placed the forces by their resultants wc may replace these resultants, again by the 

c A ibrccs from which they were obtained; and 

7 y/ “ wc shall then have R replaced by the force P 

/ / acting in the direction of C D produced and 

// Q in that of D F, and T replaced by P 
/y / ..y' / acting in E F produced, and S acting in 

_/ 1)F produced. 

^ ^ ® Iiastly, the force Q may be transferred 

/ / from I) to F in the directionff 1) F produced, 

^ and the force P fiom I) to C in tl»e direction 

CD; so that wc ultimately have the forces Q -I* ^ end P acting ot F, and P at C, 
without having altered tlio 

eondition.s of equilibrium of 6- S —- 

any of the points of the paral- / X ....— 

lelograms. Hence, if our pro- / / 

])osition be true for two forces y / 

P and Q, and also for P and S, ^ ' 

as regards the direction of the ~ ** * 

resultant, it is also true for tho pjs 

forces P and (1 + S- 

Now, wc have shown that it is true for two equal forces, hence it is true for P and P, 
and also for 1‘ and P, it must therefore be true for P and P-+- P, or for P and 2 P. Being 
true for P and 2 P, and also for P and P, it is true for P and P -J- 2 P, or for P and 3 P, and 
RO on; it may bo sbonm to be true for P and mP, where w represents any whole number. 



46 


PARALLSLOOBAM OJf POJItCM. 


Bytauliir xetaoning the proposition maj be extended to the farces nP and «tP, 
where m and m rei)ro3cnte any whole numboni whatever. 

fienee the propositioa b true, as to the direction of the result, for any 'two forces 
whkh are eonmicnaimd>le; or in othor words, fbr any two forces which have a ctnunoa 
aaasure, or can bo expressed in tenus of a common imit. 

The proposition *080 be extended to the case of mconuncnsnrable forces, forces 
which have no common measure. 

Let the lines A B and A C represent tv'O 
incommensurable forces, in magnitude and 
direction, of which A C b the greater. „ Com¬ 
plete the parallelogram A B D C, by drawing 
I B D parallel to A C, and C D parallel to A B, 

If the resultant docs not act in the direction 
of the diagonal A D of the parallelogram 
! A B D C, let A E represent the direc tion in which it dora art. 

I Divide the line A C in two equal parts in the point F; suailarly divide F C in two 
\ equal parts in G, and 6 C in II; continue thb sulnlivbiun until a pari, such os U C, b 
obtauned, which b less than D £. 

A C may, therefore, be* divided into a number of equal parts, each of which ore 
equal to 11C. 

Bet ofif distances each equal to II C ;doiig tJje line CD, c^umiieneing from tlic jtoint C; 
then one of these divi.'sions, mch as K, must fall between E and D, since A C and C D 
have no common m«.a-.urt-. and II C* is lefw than ED. 



From A B cut olf A I. = C K, and j«>in K L and A K. 

A C and A L will therefore have a eoniniou measure 11 C,«and will conseqiienlly 
represent two commensurable forces; and A K, the diagonal of thi i»amlli logruni A L K C, 
will, by what w’t have previously proved, r<'pre.'ent the direction of tb* ir n^ultaut. 
The resultant A K, tlierefore, of the forces A L and A U fnrtber from A <’ tluui A E. 
the resultant of the forces AC and AH; but this cannot bi- true, since A B, being 
greater than AL, A £ ought to be further from A C. or iiearor to A B than A K. Coji- 
soqucntly, the supx^o^itiou that the resultant of A C and A 1> acts in the directim of the 
line AE, leads to an absurdity; and similarly it ii:a;. be .-hovti, tlmt if it be suppled 
to act in any otluw direction than tiie lipe A I>, the diagonal of the iiarallelogrom A B DG, 
wo ahall be led to a like absurd conedusion. 


lienee wc infer, that if two forces, acting on a point, whether commensurable or 
incommensurable, be ^ep^e^ented in magnitude and direction by two adjacent sides of a 

parallelogram, the diagonal of the parallelogram will represent 
/ y the direction in which the resultant of these forces will act. 
^ \ We have next to show, that thb diagonal will also rcpreselttt 

7 ^ the magnitude as well os the direction of the resultant, 

c o*** ■i'le of the parallelogram A B C D, represent 

{, A a force P, in magnitude and direction, and the side A C, ano- 

\ /V ^ force (I, in magnitude and direction, those two foroos both 

\ / pA / acting on the point A. 

\ / \ / Let tt (represent the force which- b the'reBultant of the 

D s/- if' j forces P and U; thb force will act, according to what we liave 


already proved, in the directum A D,' A D bjing the diagonal of the paroUologram 
A B C D. 
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Produce A D to D', and take A D' in the same lot^portion to K that A C bears to 

or A B to P. 

DraB' D' C' parallfl to A B, and B CT parallel to A D', meotin|t in C', and join A C', 

A B C' D* "will be a parallelogram, A C' its diagonal, and B C' ■will be = A17. 

Sinoo B is the resultant of the forces P and Q, a force B acting on A in the direction 
I A D', in the same straight line, but in the oj)posite direction to that in which the 
I resultant of P and Q acts, will keep the ])oint A at ^st, when aeted on by &e forces 
P and Q. 

Ileuce the forces P Qt and R, represented in magnitude and direction hy A B, A C 
and A D‘ acting on A, will keej> it at rest. 

Any one of these three forces will be equal in magnitude to the resultant of the 
other two, but it will act in an opfmsite direction to it in the same straight lino. 

Now AC', the diagonal of the parallelogram A D' C B is the direction in which the 
resultant of the forces 11 and P represented by AD' and A B arts. Therefore A (T and 
A C must be in the same straight line, and since A C i.s parallel to B D, A C' ^"ill also 
U* parallel to B 1), and since B O' wo .9 drawn pandlcl to AD, AC' BD must be a 
jiaralhdogmm. and H C' will = A 1), 

But H C" = A D'. Then-fore A 1) = A D', and siiiee A D' represents R in mffy- [ 
nitiuif, A D will represent R both in maf/nilifdf and diration. ; 

We are indebted tt» M. Diiehayla. a French mathematician, for this very simple and ! 
!«>autiful domonstmtion of the iiamllelogram of forces. It may he proved by otlier I 
:iu thods, h\it they cither require a knowledge of thi- higher branches of mathematical , 
.miilysis, or else a*.snn:e the principles of Dynamics. I 

Some writt-r-i tir'l tlcjiiyU'ttrute the i'jop( rties of the lever, and from these deduce the 
paralU'logr.am of f jrc-cs. i 


]’lM)P(»>lTIt>X n. 

TdJIttdIh- liMiltuni of umj nitmfur of JForas octiigon tr ^[uUTialTomt in the same Tlane. 

Lot P, Pj P 3 and P,. four forecs acting on a poitil 
A in the same plane, he n-pn-sonted in mopiUmfe end 
dinctmi by the lines A P,, A P.^. A Pj and A P,. 

Draw P, Ri parall<-l to A l*j, and P... R, parallel to 
A P„ mc»*tiug in R,; join A R,. Then A Ri the diagonal 
of the parallelogram A P, R, P- will by Ifrop. T. repi*cscnt 
the rcaiiltant of the forces P, and acting on A in the 
directions A P, and A Pj. 

Let R, bo this force. Then R, alone-acting on A in 
the direction A R, will produce on A the same etfcct as 

the two forces P, and I, acting together, in the directions A P, and A P-. ^ 

Consequently the two forces P, and P* acting on A in the directions A P, and AIV 
may be rcidaced bv a single force R, acting in the direction A R,. 

Again, draw R, R^ parallel to A V, and P, Rj parallel to A R, meeting in R*; join 
A Rj. Then by Prop. I. a force Rj represented in magnitude and direction by A Rathe 
diagonal of the parallelogram A R, IL P3, will hdve the same effect on A as the two 
forces R, and P, acting in the direction AR, and A Pj. 

But R, acting on A in the directions A R, produces on A the same effect as P, and P- 
acting in the directions A Pj and A P^. _____ 
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Hence the force B, actiiig on A in the direction A B, produces the same offeot as the 
three forces P, P, and P, acting in the directions A P|, A P^ and A P,. 

Lastly, dtaur P( B, parallel to A B, and B, B, pai^el to A P,, meeting in B^. Join 
A B 3 . Then by Ptop. 1. a fi>rt‘c B,, rcprmntcd in magnitude and direction by A B„ 
▼ill hare the same effect on A os the two forces and P, hare, acting in the dircc* 
lions AB, and AP,. 

But B 3 , acting on A in direction A B., produces the same effect os P, I\. and Pj acting 
in the directions A P„ A P., and A P^. 

Consequently a force B,, acting in the direction A B,, produt'cs on A the same effect os 
the four forces P,, P., P, and P, acting in the directions A P„ A P,, A P, and A1%; or, in 
other words, A lij n'proscnts the resultant of these fowes in wta^nititdt direction. 

The same method may be extended to any number of fom's, and affords an easy 
geometrical construction for finding the single resultant of any number o( forces acting 
upon a material particle. 

i 

I PBOrOSITION HI. 

f 

J Jieaolution of Forces. ! 

I By means of the parallologram of force-s we can gom'rally repbu o a single force by j 
two othcjTS acting in any directions we plcoM.' in the same plane ; tins is called rcsolnny 1 
a force, and the forces by which it is replaced are tc-rmed its rcsolvi d parts. , 

Thus if a force 1*, acting on a iraint A, l>e represented in magnitude and direction by j 
t the straight line A P; and A B, A C draw!i 
[ through A be the arbltnuy Erections in 
i which we wish to resolve the fon-c 1 *. 

Through P draw P 1) parallel to A C 
meeting A B in D, and aL«o P £ parallel to 
, A D meeting A C in E. 

Then,by Prop. I., A E and A D will repre- 
j sent two forces in magnitude' acting in the 
i directions A C and A B, which produce on A 

j the effect as the simple force P acting in the direction A P, and therefore may 
; replace that force \cithout altering the conditions of equilibrium, 
f A E represents the resolved i»art of P along A C, and A I) its resolved part in the 
direction A B. 

In resolving forces, it is generally found more convenient to choose the direction 
A C perpendicular to A 6 . 

PBOPOSITIOX n*. 

' Triangle of Torees. 

If a material point be kept in equilibrium by the action of three forces acting 
upon it, in the same plane, the ‘sides of any triangle drawn parallel to the directions 
of these three forces will be proportional to them; and conversely, three forces, acting 
on a material particle, will keep it at rest, if these forces be proportional to the sides 
of a triangle formed by drawing linos parallel to their directions. 
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I/ot P and Q, t«‘o forces acting on A, bo represented in magnitude and direction by the 
I lines A1* and A U. 

Throngh P draw P B parallel to A Q, omd 
through ^ QB parallel to A P meeting in B; 
join AB. 

Produce A B to B, and make A R equal to 
AB. 

Then, Prop. I., a force R acting on A,' rc> 
pivsentcd in magnitude and direction by A R, 
will counteract the forces F and Q acting in the 
directions A P and A Q. 

And A will be kept in oquiUbrinm by tbc 
action of the tlircc forces 1 ', U and R acting in 
the directions A P, A Q, and A R. 

Take any point K; through E draw £D 
])arallcl to A I*, and K F parallel to A R. 

In E I) tsike any point I), and through I) draw D F parallel to A Q, meeting EF in F. 

Then by conutniction the triangle E D F will Ik* equiangular to the triangles Al’B 
or A (i B. 

And, hy Euc. B. VI., Prop. 4, E D : E F : F D : : A P ; A B : B P 

:: P: 11: Q. 

PROPOSITION’ V. 
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2‘ohjgoii nf Fureci. 

If rt I'ai tiile l>o m-tod on by any inimbcr of forces which are represented in magni¬ 
tude, or arc proi'«>rti(inid to the sides of a ])olygon, it will be at rest, provided each 
force acts in a «lin etion parallel t<>tlic side of the polygon to M’hirh it is proportional. 

]>el A Bt' 1) K F be a [ndygou, who-e sidA IJ, is proportional to the force 
It (’ to 1 * 3 , V D to r„ I» E to P„ E F to Pj, and e 

r A to IV ' I 

Join A C, A D, and A E. '‘'•vR. /p • ' 

1 .el A It „ A 1) = iV'iuid A E = Ilj. j^ I 

Tlien, by Prop. IV., R, will represent tlic resultant 1 ^., / | 

of tlie forces I’l and P- in magnitude. V ' " ^ 

U, the resultant of R, and P 3 , or of P„ !*«, and Pj. 

.\nd Rj the resultant of Rj and P„ or of P„ P-, 1%, \ 

and !•.. ^ 

But, by Prop. IV., since R 3 , Pj, and Pg are sides of tlie ti'iongle A E F, R 3 will 
rcpresejit the resultant of P, and !*„. 

Ilcneo Pj and P^ will counteract the effeet of the foi-ces P„ Ps, Ps* and P 4 , provided 
the conditions of Prop. IV. Iw fulfilled; 1 . c., provided these forces act upon a particle 
in directions parallel to the sides of the polyroii. 

Since, in Prop. IV., any side of the triangle may* be considered os the a^isultant of the 
other ta'O, P, may be regarded os the resultant of II 3 and IV or of P„ P,, P,, I’« and P*. 
Any one side, therefore, of the polygon may be taken af the resultant of nil the others. 

In the same manner tbc proposition may be estcaided to a polygon of scr^,- eight, | 
or more sides. 

The polygon of forces need not have all its sides in the some ydone. 
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* PROPOSITION VI. 

ParalUlopipcd ^ Foret*. 

If tiliree foives, trlioso directions arc not in the same plane, act upon a point, and if 
thqr he reprcaentod in magnitude and direction by throe adjacent edges of a parallelo- 
which meet in the point on which the foxoes act, the reaaltant of the ftareoa will 
bn represented in magnitude and direction by the diagonal dr 8 u*n from this point to 
tile tqipoaite solid angle of the paraUclopiped. 

lirt A be the point, acted on by throe forces, repre* n p 

sonted in magnitude and direction by A P, A Q, and A E, 
which are not in the same .plane. \ 

Then, £uc.. It. xi. I*rop. 2, JPQaud AF.arcinthe 8 |nio \ \ \ 

plane; complete the parallelogram P A U B in this plane, \ \ \ \ 

by drawing P B parallel to AQ, and Q B parallel to A P. 

Similarly in the plane in which AR and AU lie 
complete the parallelogram A R C Q. ^ 

And in the plane in which A R and A P he, complete the parallelogram A R D P. 

Also complete Uic parallelograms Q C B S in the jdane Q C B, and the parallelogram 
P B S D in the plane D P B. 

Wc shall then hare constructed a parollclopipcd, thret‘ of whose adjacent edges 
meeting at A are A P, A Q, and A R. 

Join A B, A S, and R S. A B will be the diagonal of lli<- pandlelogram A P B (i, 
and A S the diagonal of the parallch^gram A R S R. 

Hcncc A B will represent the resultant of the forces rt'pn sented by A P and A tl in 
magnitude and direction. 

And A S the resultant of the forexjs represent'd by A R sind A B. 

Therefore A S represents the’ resultants of the forces rcprescnUHl by A R, A P, and 
A Q, in magnitude and direction. 

By the aid of tliis pro]>usition, any i^inglc force acting on a particle may be resolved 
into ^ree other forces not acting in. the same plane. >^100 a fuei- i,-; .<0 resolved, it is 
generally found convenient to resolve it into thrc'- forces acting at right angles or per¬ 
pendicularly to one another. 

PROPOSmOX VII. 

Condition of equiJibrium when a material particle is acted on by any number of forces whose 

directunis are ell in the same straiykt line. 

The condition of equilibrium in this case must evidently be, that tlie sum of all the 
forcoB acting on the particle in one direction must Ik? equal to the sum of all the forces 
acting in the oppodU? direction. 

It is usual to c(msider tiic forces acting in one direction as positive, and those in the 
opposite as negative. The condition of oquihhrium, then, may he Uius stated:—the 
id^braical sum of all the forces is zero, or notiung. 

•Thus, if A be acted on by the ^ ^ . _| > 5 

pontive :orcc 8 , 4 lbs., 3 lbs., and +5^ A Saw —slbi-lSir 

Bl hf-, in one direction, and the negative forces, 6 lhs., 5 lbs., and 11 b., in the 
opposite. 

The algebraical sum of these forces will + — 0 ; 

and A wiU be at rest under the influence of those forces. 
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I*ROPOSITION VIII. 

If straight lines he drawn at right angles to one another through any pointy and if two 
forces act on this point in any direction whatever in the same plane m which these Unes 
are drawn, then the algehraical sum of the resolved pturts of the two forces in the diree- 
tian of eae/t if the lines will he equal to the resolved part of their resultant in the same 
direction. 

Let A JT and A y be the gtraight lines drawn tlm>iigh][tbe point A perpendicnlar to 
one anotlier. y 

Lines no drawn are called rectangular ao-U. R__ ^ 

T.iet two forces, V and Q, acting on A, be repiv- 
.sented in magnitude and ilireetion i)y A P and A Q. ; \ 'n/" p 

Draw P It imnJltl to A Q, and Q R to A P, meet- I \ "fp ^ 

ing in It, and join AII ' \ l\ 

Then, Prop, I., A lt = R represents the resultant B Xtt _ 111' I \ 
of P and Q in magnitude and direction.' 

Through the |K)ints P, (i, and It, draw P X„ Q Xj, j 

and R X^, periK'ndieular to r, and throngh the same - 

Joints I* V„ U Vs, and R Y,. pt'rjwndieular to Ay. 

Ht’ Prop. Ill., AX, and A Y, will he the resolved jiarts of the force Pin the direc- 
ti'ins A jr and A </. 

Similarly, A X., and A Y, will be the n'.«olvcd parts of Q; and A Xj and A Yj the 
resolved parts of H in tin* same directions. 

Let A X, = X„ A X-i = X-, A X, = X „ .\ Y, = Y„ A Y.. = Y., and A Y, = Yj. 
I’rtKluce the line V.. (1 t<' nu et the line K X, in the point B. 

Since A I* K <1 i» a i»arallc]ogr:iJn, A 1* = <1 B ; and silso because B Q is parallel to 
.\ .f, and A I* to U (J, the angle 11 <1 B = angle J* A X,. 

But fh« angles It B tj and I’X, A jire right aiigle.s by construction, 
lienee, the triangles R <1 B and 1* A X, have the side A P = R Q, and the angles 
I* .\ X, = ihi B. and P X, A = li Q B. 

Therefore, Kiu'. B. I., I’niji. 26., A X, = B Q, and P X, = R B. 

And X, + X, = A X, + A X* = B Q + A X„ = X 3 X., + A X. = A X 3 = X,. 

Since B Q = X, X... because by construction of figure B Q X; Xi^is a parallelogram. 
And again, Y, -fV,. = A Y, + A Y^ = P X, + B X, = R B + B X* = R X, = 
A \\ = Y, 

Since A Y, = P X„ A Yj = B X 3 . and R X 3 = A Y,, because A X, P Y„ A X 3 B Y,, 
and A X, R V3, are p.arallebigTam3 by eonstruetiou of figure. 

If, therefore, X, Y, be the resolved parts of a force, P, along the rectangular axes, 
Ajc and A .v, X... Y^ the ivsolved parts of (J, and X 3 Y., the resolved parts of R, the 
resultant of P and Q in the direction of the some axes, 

X 3 = X, + X„ and Y 3 =y, + Y,. 

The above figure has been so dravra that the forces P and Q both fell within the 
axes A j* and A y ; this is not always the ease; k may sometimes happen, as in the 
annexed figure, that one of the axes may faU between the two forces; in this case it 
w'ill bo seen that the resolved port of the force Q, along the axis A y, wiU fall on the 
opposite side of A, from the resolved forces of P and R along the same line._ 
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Tlie sesolred forces which lie on one side of A arc called positiro, and those on the 
opporile ude negatiye. 

Oonaequenily, the resolved parts of P nill be 
Xj and Y„ of Q, Xg and — Tg, and of R, X, and 
Tg. Thp aamc construction being made as in the 
w ease, aince .4. P R Q is a parallelc^rnun, A P =: 

RQ, andainoe AX^ is parallel to BQ, and AP 
to Q &, the#nglc PAX, angle R Q B, als<'> the 
angles at B and X, are right angles. 

Hence, in triangles A P X, and Q B R (Euc., __ 

B. I.,Prop.26.), RB = PX„andBa = AX,. ^ 

X, +X, = AX,+AX.. = BQ + QY, = 

BY... = X, A = X,. 

Y, ~Yg = AY, - AY.g = PX. - X,B = 

RB-X,B = RX3 = AY, = Y,. 

And in this ca.se X, = X, -I- X,, and Y, V, — Yj. 

A similar constniotion and domonstralicm will apply to every other po^iti»n in wliielj 
the rectangular axes may he pl.U‘*-.l witli rc-'pret to tlie foree-s, and we may ►ay, giuie- 
rally, that the algebrairal sum of the resolved [jart,-: of any two f.m'vs actin..: upon a 
material point in the diroctiou-* of any two m tangular axi.s passing thronph that ]ioint. 
will be equal to the resolved parts of their re.suhant along the sanio axes. 



j rRdrosiTioN ix. 

j To find the eonditiou$ rf cq-’iUhrirfm of atttf ttmn/ter of forfeit aetino trpon a vtaterial point, 
i the direetiom of the forces hein^ all in the sime plane, bxt not in the same struiaht liu'. 

LetP,, Pg, P,,nndP^, ^ 

be four forces acting upon ! J' 

i A, representid in magni¬ 
tude and direction by tbe 
I linesAP,, AP», AP,, and 
j AP^. 

i Through A draw the 
rectangular axes Ax end J* 

; Ay. 

Through the points P,, 
and 1 * 4 , draM- 
P, Y„P,Y„ P.Y,. and 
1*4 Y 4 , perpendicular to 
Ay, and P, X,, P 3 X 3 , 

PaX,, and P 4 X 4 , pcT- 
pendicularto A r. 

Then, Prop. IIJ., AX„ AY, = X, and Y„ are the resolvc-d parts of P, in the 
dii£ctinn of the axes A x and A y. 

AXa and A Yj = X, and Y, those of Pa, A X, and — A Y, = X, and — A , 
those of P, and - A X 4 and - - X 4 and - Y 4 those of P 4 along the same ax( s. 

Let R, be the resultant of the forces P, and P^. 

Ra the resultant of the forces R, and Pa, or of P,, Pa, and P,. 

And R, the resultant of the forces Ra and P,, or of P,, Pa» and P 4 . 


_ '^1 
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Then, Pbop. VIII., the resolved part of along the axis of A jt = 
that of R, s= X, + Xa + X-,, and that of R^ = X, + X, + X, - X 4 . 

Similarly the resolved part of R, along the axis A’y = Y, + Ya, that of R, = ■ 
Y, 4- Ya + Y 3 , and that of R 3 = Y, + Y. - Y, - Y^. ' 

Let X = X| 4 * Ya 4 * Y 3 — X 4 , the algebraicfd sum of the rcsolrcd parts of the . 
four forces along tire axis A x, and — Y = Yj + Y, — Y^ — Y 4 , the algebraicm sum I 
of the rcsolvcil jairts of these forces along the 

Take A X = X along the axis A X, and 
AY = — Y along the axis A Y. 

Through X draw X perpendicular to ^ 

A X, and through — Y, — Y 11., perpendicular 
to AY nu'cting in the point It^. Join A R,. ^ 

Then, l*uor. III., AR, will represent the * 
resultant of the forces 1 ‘,, I*„ 1 *,, and I’^, in magnitude and direction. 

I Tins single force A R^, acting alone, will produce on A the same effect as the forces 
j r„ Ps, P 3 , and P 4 . 

1 „ Produce A R, to AS,, make A S = A R,. 

! Then, I'uoi*. VII., A force represeukd in magnitude and direction by A S will 
1 exactly counteract the effect of the force represented by A R,. 

j CoHsotiuently, a force rcpresentc'd in magnitude and dirc'Ction by A S, wiU keep the 
j ]>oint A in equilibrium M’ben acted on by the forces 1*,, P,, P,, and P 4 . 
i From S let fall S X perpendicular to A X, and S Y perpendicular to A Y. 

1 Then, Pnop. III., A X and A Y arc the resolved parts of A S along the rectangular 

; axes. Xow in the triangles A X R , and A S X, the angle X A R, = angle S A X, and 

t 

j he angles at X and X are right angles, and also A R^ = A S. 

! Therefore A X =• A X = X, and S X = XR,. 

j And A X R, V and A X S,Y are parallelograms. . _ 

I Consequently, S X = A Y, and X Rj = A Y. 

Therefore A Y A Y = - Y. 

The resolved parts of A S arc therefore — X and Y. 

But X = X, 4 - Xa 4 - X 3 - X 4 , and - Y = Y, 4* Y, - Y^ - Y^. 

Therefore X, 4- X, 4 - X., - - X = 0, and Y, + Y, _ Y, - Y^ 4 - Y = 0. 

Or if five forces represented in magnitude and direction by A P,, A P.,, A P,, A P^, 
and A S keep a point in equilibrium, the algebraical sum of the resolved porta of these 
forces along the rcctangtilor axes passing through this xraint, will^each be equal to aero. 

The same demonstration may be applied to any number of forces. It may also bo 
observed that the position of the rectangular axes is perfectly arbitrary, provided onl}' 
that they arc in the same plane in which the foroca are supposed to act. 

The conditions of equiUbrium when oU the forces are not in the same plane, involvo 
the discussion of solid geometry. We shall reserve the considciatioB of this subject to 
a m<m 5 advanced portion of our treatise. 

The student wiU observe that all the conditions of egiulihrium, for a material point which 
we have considered, are geometrical deductions Rum the paraUdogcam of forces, and in¬ 
volve no now mechanical principles; and that the parallelogram of forces depends upon one 
mtybftniffal principle, that of the transmission of a force foom any one point to another 
rigidly connected with it, and in the direction of its action, without altering its ofibet. 
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PEOBLEMS. 


"We iubjoin two or three examples, to show the method of applying the principles 
^ have determined. Mechanical problems may bo s*>lrod in two ways’; graphically, 
e.y by accurately drawing the geometrical figtuvs by mathematical instruments and 
scales, and obtaining a result, which con be measured by these instruments; or trigo* 
nometrically, i. e., by computing the relations of the figurcj: according to th<‘ principles 
of t^jj^onometry, and thus axiiving by- means of trigonomrtrie,'tl tables at a more accu-^ 
rate result ^an the former will afford. 

We w(®d recommend tbi\.‘«ttiJt nt to u.«*- both of those methods, as he will by tliis 
means obtain a dean-r vuw i>f the subjict tl>:iTi by aecu^touliug himself indy to one 
of them. 

Pboblem I.—Tiro furcfi', repi’tseaUtt htf and , isrir iurlimd tnawh otftcr at an 

of f‘0 ; required the maauitude o f the rexuliant; and its iHclinatioH to the artatn-, 

1 st Graphical solution. 

Draw a line A It. 

Make AB equal to 15 parts of any 
convenient scale, su the 8lh i»r the 10th 
of an inch. 

Draw A C inclined to A B at an angle 
of 60’. 

Take A C o<|ual to 12 parts of the 
same scale, that A B is equal to 15 part-^. 

Through C draw (’ E jiaralli l to A B, and through B, B K parnllel to A C, niceting 
in the point E. 

Join A E. ' 

Then, Prop. I., A E will represent the rc«akant of the forces represented by A (‘ 
and A B in magnitude and direction; and if A E be mea.snred by the scale used in 
drawing A B and A C. it will be found to bo 23/b parts of tliat scale, and the amtU 
£ A B wHdl measure very nearly 26’’ 20*. 

The resulting force will therefore be Tcpn'sentod by 23y*^ lbs., and its inrlin.ation 
to the greater force will be 26’ 20' nearly. 

The process might have been shortened by the use of Prop. IV., in which case we 
should have drawm A B = 15 parts of the strale, B E making an angle 180“ — 60’ or 
120 “ with A B, and B E =: 12 parts of the scale, and lastly joined A and E. 

gnd Trignomctrical sidution. 

AE» = AB*-t-BE^-2A BBE cos. 120“. 

= A+ B£= + 2 A B’B E cos. 60“. 

= 12* + 15^ + 2 X 12 X Id X *6. 

=ss 144 4- 225 + 180 a= 540. 



lienee,'A E: 


Again, 


sin. E A B 
sin. £ B A 


t/eiO = 23-43. 

BB wn. EAB 

'e A' sin. 120“ ”■ 


12__ 

23-43* 


Hence, sin. E A B = sin. 120“ = sin. 60’. 

23*43 , 

And Log. sin. E A B =:»Log. 12 + Ix)g. sin. 60’ - liOg. 23*48. 

= 1-0701812;+ 9-0376306 ^ 1-8607723. 

= 0-6460305* 


ss Log. ite. 26“ V!f nearly. 
Anfde » * B = 26 “ 2 y.__ 



! 


j 

i 


t 
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When the rMohant of mote Hum two forces is to bo foiuid, it will be more c<m- 
ronic&t to resolve the forces as in Prop. IX. 

Wc shall therefore work out the above example 
bj that method. 

Praw two straight lines, A.>‘ and Ay at 
right angles to each other. 

Take A P, = lo ss> force P, along A .r. 

Draw APj = 12 = force Pn, making an 
angle CO’ u’itli A Pp 

Thnaigh IV. draw P._ >/.j pf-qu-nditular to 
i Ay, uikI P; j., i>eq*endi< nl«r lo A jr. , 

Then A.r.. Ay., are the re'idycd jwrt'^orPj 
i along ,Vj and Ay; A I’, i' ihe renilvcd part of P, along the axis At, and its resolved 
jurt rdoiig Ay zero. 

IVoduee A I'l lo j, nud make 1‘, z’ rr: A.r.... 

Then Aj' = .\ 1’, Ax, is the iusolv<d part of the resnltont of Pi and P3 along 
Ax and Ay^ is ibc ivM>lveil j»art along Ay 

Thnmgh x draw x' U pfriwndieular to A.r, and produce .VaPj to meet x R 
in It. .lom A 11. 

Then A il ri'prescnts tlic resultant of T*, and 1\. in magnitude and direction, Aff 2 = 
A P- c'o8. 60' = 12 y 'd = C, and Aj'j ra P3X.J = AP- sin, 60’ = 12 X '866 = 
10 392. 

But A U* = Ay,= -f Uy,^ = Ay./+ Ax.*= (10-392)® + (Id + 6)®= (10.392)®+ 
(21)®. = 107 993661 + 441 = .■>18,993664. 

Therefon* A 11 = 548.993664 = 23 430. 

Agaui, eo.^. Il A‘ ^= -89628 = cos. 26’ 20' nearly. And thcrc- 

’ A li 23'4:j 

fort' angle II -\r' = 26’ 20'. -\nd this is the im lination of the resultant to the greater 

• force. 

j Pui>iii.KM II. —TAree forces which arc to each other as 3, 4, and 0 , act upon ajyoiui, and heep 
it at rest ; required tfte angles at which 
these farces are incliurd to each other. ^ 

1st. (rraphicol solution. 

Draw a lino A B = 4 parts of some 

* scale, with A as a centre and radius A C 
= 3 parts of'this scale; describe sn 

; arc. ® 

I Also, with B as centre, and radius B C 
; = 5 parts of the scale describe anothe^, 
j arc. 

j Let C be the point where the two arcs 
I iutorsoet. 

Join A C and B C. Through C draw C E paralle^to AB and through B, BE parallel 
to AC, meeting in E. Join AE and. produce AE to F, m a ki n g A.F = AE. Then the 
forces which are to each other as 3, 4 and 6, acting npon the.paint A, and keepmg it at 
rest, will bo represented in magnitude and directioa hy the lines AC, AB, and AF; 
and the angles ^ing measured by a protractor, or any other ^aanj mad fcr measuring 










mng^ be found that the angle B A C = 90% the angle B A F s 143* S', end 

the eof^ C A F =; 126* 62', nearlj. 

2iid. Trigonometrical solution. 

Since 8 * + 4* = 9 + 16 = 26 =s 6*. 
foorcca represented by 3 and 4 must bo 
snHjht angles to each other, and their re* 
snltant 6, will be the diagonal of Tec- 

tangnlar parallcbgram whoso sides arc as % ^. 

8 and 4. i 

Let a bo the angle between the resultant ^ '’>? 

and the force represented by 3. 

fThcn tan. a=^ = 1*33333 s tan. 53* S', > r '''• = 

nearly. 

Hence, by a reference to the diagram it will be readily seen that the angle between 
the forces 3 and 6 is 180* — a = ISO* — 63* 8* — 126* 52‘, while that between the 
forces 4 and 5 is 90* + a = 90* + 63* 8* = 143' 8'. 

PnoBLBM III.— Three forces represented by the mmbers 3, 5, und 9, cannot under any eir- 

eunutaneesproduce equilibrium on a point. 

This is CTidcntly true, since by Prop. H’., three forces can only produrc (‘quilibrium 
on a point, when a triangle can bo descril>cd whose sides are respectively proportional 
to the magnitudes of the forces. Now, the sides of a triangle never can l>ear to each 
other the proportion of tho numbers 3, 6, and 9, since in ever}* triangle the sura of 
any two sides must always be greater than the third, and 3 4” ^ = 3, a number Icos 
than 9. 

If wo attempt to solve the proplcm graphically, we shall soon perceive its impossi* 
biUty. 

Thus, if we draw a line A B s= 9 y' 

parts of any scale, and with A os a_©/ 

centre and radius A C = 6 parts of / ''N. 

tho scale, and with B as a centre and / a 

radius BD = 8 parts of the scale, wo tr / \ / 

describe two circles; tiiey evidently / \ / 

will not cut each other in any point, ^ / j I 

and consequently we cannot construct * 

a trianf^e whose sides are to each other as the numbers 3, 6, and 9. 

We add a few more problems for the practice of the student, taken from the Cam¬ 
bridge Examination Papers and other sources. 

Three forces acting in tho same plane keep a point at rest; tho angles between the 
directions of the forces are 136*, 120% and 106*; compare their magnitudes. 

Four forces represented by 1, 2, 3 and 4, act in the same plane on a point. Tho 
direotiofu of the first and third are at right angles to each other; and' so aro the 
dirSolions of the second and fourth; and the second is inclined at an angle of 60* 
to therfirst. Find the magnidude and dirootion of the resultant. 

A ifiienhif hoop is supported in a horizontal position, and three weights of 4, 6 and 
OBm. mpeetively are suspended over its circumference by three strings knotted 
togettter at tho centre of the hoop. Neglecting the friction of the edge of the 
hoop, find (he angles between the strings when there is equilibrium. 
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Three equal forces, each equivalent to 6 lbs., act on a point, the firet two ore inclined 
to each other at an angle of 75”, and the third is inclined at an angle of 15" to 
the first. Find the magnitude and direction of the resultant. 

The resultant of two forces is 50 lbs., and the an^cs which it makes with their 
directions is 20” and 30”; find the component forces. 

A boat, fisstened to a fixed point by a n)pc, is acted on at tho same time by the ^nd 
and the current. Suppose that tho wind was S E, the direction of the current S., 
and the direction of tho boat from the fixed point S 20” W., and also that the 
pressure on the jraint was 150 lbs., it is required^to find tho forces of the wind and 
the current. 

In pulling a weight along the ground by a rope, inclined to the horixon at an angle 
of 45", I exerted a power of 40 Iba. ; required the force w'ith which I draggcd.the 
1>ody horizontally. 

! Four forces are in the same plane, which arc to each other as 6, 8, 10, and 12, act 
upon a given point, and arc inclined to a given line at the angles 20”, 40”, 80”, 
and 150’ respectively; find the magnitude and direction of a fifth force w'hich shall 
balance the others. 

I Sqnilibainm of a &lgid BoAy.—Having con.«idcred the conditions of eqaiU- 
j hrium of a material particle acted on by any number of forces acting in the same plane, 

I we next proceed to consider the conditions of equilibrium of a rigid body under tho 
! same circumstances. Here it may bo as well to repeat what has been stated before, 

I that by the term rigid body, we understand a body composed of material particles held 
I together by unknown molecular forces of such intensity that the body cannot he 
altered in shape, or its particles in any way displaced by any forces which can act tqwn 
it. Tliis rigid body also iKtssesscs the proi)erty, that if any force he applied to it, its 
particles will transmit that force, unimpaired in intensity, to any point in the body, 
which lies in the line of direction in which the force is acting; consequently, the effect i 
of a force on a rigid body will be the same if wc transfer its point of application from . 
any one point in the rigid body to any other, provided these two points are in the line > 
in which the force is supposed to act. 

Unless it is otherwise stated, this hypothetical rigid body is also considered as being 
destitute of weight. . | 

If two or more forces acting on a rigid body are applied to the some point of the * 
body, tho conditions of equilibrium will be the same as those for ajmatcrial point under I 
tho same circumstances, for tho same force which, when applied to the material point, ! 
would counteract the effect of these forces, would also keep the body in equiUhrium | 
when applied to the point in the body upon which tho forces act. 

PEOPOSITION 

To find tho magnitudo and diroetion of tho re&ultant of iteo forces acting on difioront pointo | 
of a r^id body^ tho diroetiono of ih« foreoo being in the same planOf hat not paraBel to 
each ether. 

Let a force P, represented in magnitudo and direction by th6 ffiio A P, act upbn tho 
point A of a rigid h^y, and another force Q, represented by B Q, act 
B of the same body. B Q and A P both being the same plane. 

Join A B. Produce P A and Q B to meet in the point C. 

Along CB take OQ' = BQ, and along CA, CF = AP. 
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Similarly, since tbc angles F C D and G &' F are both equal to /9, and the anglra 
at F and G ri{^t angles, the triangles C F D and R' G F arc similar triangles, 

DP : CD GF : FR' 

DP GF 


Moltiplving equals together, we hare 

C D D F 
D E ' C D ' 

1j p 

and therefore - — : 

i) E 




lJut (' F R' Q' i« a paralhIngram, and tlicreforo F R' = C Q'. 

„ 1) F c V r 

Jlinee jj 

The pcrpfndicular fn)ni th * jKdnt D on the dircotion of the force G ^ 

' * The jiorjtciKlii ular from tL>' point D on the direction of the force 1* Q, 

Consoiiuently, tlu- perjieniUcular from the point D on the direction of the force Q 
mnltijdiinl by Q, equals the juTiH'ndieiilar from the point D on the direction of the 
foiej; I’ mulliplieil by P. 

/'ESomant of l*orces and Z'ulcrtun*—If wt- supiwse an axis, II1>, passing 

_ . ^ thn)UgU the jdane in which the forces act, 

y ' fixed witli perfect ligidity, and perpendicular 

to that {dune at the point D, and then placed 
I p/' \ ^ on a stand, as in the ac'comptmying figure, 

1 y ^ “ \ 80 as to allow the plane to move with perfect 

I • _ I freedom about the axis HD, then, since 

t. .... —-/ the nsultanl of the forces P and Q acting 

at A and B passi's through the point D, their 
\ joint effect will be counteracted by the re- 

Q. ^ -y , af'tion of the stand on the axis n D. Neglect¬ 

ing t!io weight of the plane and the friction 
of the axis, the plane will be in a state of 
. * _ equilibrium, under the influence of the two i 

forces P and Q, acting at A and B in the 
AP and BQ, together with the 
- ‘ * T- reaction of the stand acting on the plane at 

tho point D in a diroction opposite to the resultant of the forces P and Q. If the rigid 
l)ody be riHliiccd to the rigid line A B, A B is called a lever, and the point D its flUcrum. 

Since the co»ditions%if equilibrium, or that tho resultant of the forces B and Q 
should pass through D, arc ns above stated, that 

Utcperpendietdar from D on the direction of the force Q muUtplied by Q, egttalt the 
pt'fpendietdar from D on t^ direction of the force P, midtipUed by P ; it follows that the 
fonre P may bo replaced by a force S without ^ 

altering these conditions, provided that the F yv 

perpendicular from D, D K on tho direction 

K 8 of the force S multiplied by S, bo equal .. 

to the perpendicular from D on direction CL "* 

of the foroo P multiplied by P. Os 

The writers on Mechanics have applied the term moment or momentum to this pro- 
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duct of tiko linear units in tlio Icn^^ of the perpendicular from a given ix>int <m the 
direction of a force, by the units of force in the given force. « 

Thus, if thoforees P, Q and S be represented in magnitudu and direction by £ 1% | 
F Q, and S K, and D £, D F and D K be the pcrpt'ndiculars on those directimu. | 

PEx D£,QF X DF, and S £ X D £ will be the respective momenta or moment:* j 
of the forces P Q, and S, about the point D. j 

These products ore not only termed the moments of the forces with respect to the I 
point D, but also the moments of the forces with respect to axis 11 D, perpendicular to i 
the plane in which they act. J 

The student must be careful not to confound these statical motnentSf or momenta, 
with the momenta of dynmnics; tlie momentum of dynamics being the product of the 
mass of a body by its velocity. * j 

If the force P alone were to act on the plane at Uic point A, it would evidently j 
twist the plane about the fixed axb H D, and Q acting alone at B, would twist the plane I 
about 11 D in a direction opposite to that in which P would do so. The tendency of P 
therefore to twist the plane about the o-tis 11D, or point I), is countcraett'd by the tendency 
of Q to twist the plane in the opposite direction in the case where equilibrium exi-^its. 

We have seen, however, that the tendency of Q to twist the inidy about the axis 
H D, will be coimtoractcd by any other force u'bosc statii al moment, with ix’sjwct to 
H D or D, is equal that of the force P. 

Senee ire may consider the statical uioincMt r>f a force about a given point or axis, as a 
measure of its tendency to twist the plane to which it is applied about this point or axis. 

FoaltiT* and Hegatiw* Minaaanta.—The moments of tho.se forces whose ten¬ 
dency is to twist a body about the axis or fulcrum, in the direction in whieb tltcbaiuL> 
of a watch move, are termed positive; those whose tendency is in the opposite direc¬ 
tion, negative. 

It win really be seen, that if the directions of the forces P and Q in Proposition 


Xm Jhad been paTnll«.1 to one another, the demonstratiqi^bcre used could not be* applied; 
as, ia tiiat case, the Erections of the forces could not m produced till they met. 

PROPOSITION XI. 

a 

lb Jbtd the magnitude and direction of the resultaul of Uro forces acting on different points 
of a rigid body, the direetioue of 
the forces being in the same plane, 
but paraBel to each other. 


Let P and Q be the two forces, A 
and B the two points in the plane. 

The fmcc P being represented in 
magnitude and direction by the line 
AP, and Q by the line BQ. 

Then AP and B Q arc parallel to 
qgeli oih». 

Join A B. 

The conditions of eq[uilibrium will 
not be altered if any arbitrary fixrcc S 
be applied to A in the direction A S, and 
to B in the opposite direction B 8. 
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Lot these equal and opposite forces bo represented in magxiitude and dinnstion by 
AlSandBS. 

Consequently A S = B S. 

Complete the parallelogram S B Q T and the paroUelogram 8 A P B, 

Join AB and BT. 

Then A B = B represents the resultant of the forces F and 8 in magnitude and 
direction, and may be substituted for these forces. 

Also B T ss T represents the resultant of Q and 8 in magnitude and direction, and 
may bo substituted for them. 

Produi o A It and B T to meet in the point C. 

Through C draw C 1> parallel to A P or B Q, meeting A B in D. 

The force It acting at A in direction A It may be transferred from It to C in the line 
It A r, and rejtn'scntcd in magnitude and direction by C It', C R' being s A B. 

Similarly T may be transferred from B to C, and represented in magnitude and 
i direction by C T', C T' being equal to B T. 

I Through C draw the line S C S parallel to A B. 

! Also tlirough T' draw T' Q' parallel to BA, meeting C D in Q', and T' S poralk-l to 
j r> C, meeting S C in S. 

Simihirly through R' draw R' P* paralitfl to A B, meeting C D in F, and R' S poralle 
to I»C, meeting 8 C in S. 

The pnrallel«>gram S C Q' T' is similar and equal in all respects to the parallelogram 
I S I? (i T, and the ptiroUelogi-am C F 11' S to the jtarallelograni APRS. 

Ilenec, Prop. III., the force It acting at C, in the direction CR', may be replaced 
j by llie forces S and P. represented in riapiitude and direction by C S and C F; also 
the fo«*c 'r acting at C in direetion C 'I"', may he replaced by the forces S and Q' acting 
in tlie dii’pctions (’ S and C Q'. 

Tlie etpjiil and ojiptisire f< n ees S and S, acting in the lino R C R, will destroy each other. 

' And the parallel f«»n'e.4 P and Q acting at A aj»d B are replaced by the forces P a^ 
Q acting at C in the direetion I), and these forces again may be troiufianted Item: C 
t<» J). 

! If'nee tlie resultant of the forces l*and Q acting at A and B, will be a force P -j- Q 
acting at Bin a direetion parallel to the directions of P and Q. 

; 7h determine the pnsitioH o f the point D. 

j Rinee I’' R' is parallel to A IJ the triangles C P' R', C D A ore cquiirngular, and 
I tfiercforc, Eue. B. VI. P. 4— 

I 01) CF 

C D : A I):: C F : R' F, or = ^ 

Rimilarly boon use Q’ T is parallel to D B, the triangles C T Q', C B D axe equi¬ 
angular, and 

tt T> T' O’ 

B D: C D ; : r Q': C Q', or 


„ CD BD_CF TQ' 

Cci' 

R Tl PR* P 
But R' F = T Q', therefore ^ = 4 

A .1 P I , .1. e BD+AD P + a 

An(lj^^ + l = ^^+l,tWorc = HT 


I 
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Bq»B]) + AD=:AB. Hcnce^ = 


AB_P4-Q 


U 


AndAD = 


Q 


A B, vliicli deternimea tAc point D. 


P + Q 

Or, in other vrord^, the distance of the fulcrum from the point of application of one 
. ci the forces P, ia equal to the other force Q multiplied hy the distance between the 
two forces, and dirided hy the sum of the two fotrees. 

When A B » perpendicular to A P or B Q we hare shiee— 

BI)__ P 
AD 

Q X BD = P X AD; 

but in this case Q X B D is the moment of Q with respect to D, and P x A D the 
moment of P with respect to D, Hence in this* case, as in the last proposition, tlie 
moments of P and Q with respect to I> arc equal to each other. 

In the case wc have just considered, wc supposed the two forces P and Q to be 
acting in the same diit'Ctiou; when they act in 
the opposite directions, our construction will be 
modified as represented by the accompanying 
diagram. 

To A and B, as before, apply two equal and 
(^ipositc forces represented in magnitude and di¬ 
rection by A S and B S. 

Complete the paraUeiograms APRS and 
B.QTS. 

Join BT and A R, and produce them till they 
meet at C. 

Through C draw C D i>arallel to A P or B Q, 
nuK'ting B A produced in D. 

The resultant of the forces S and Q acting at 
B will be represented in magnitudt' and din'ction 
by B T, and this force may be transferred irom B 
to C, and repri'scntcd by C T' = IIT. 

The resultant of the forces I' and S acting at A will also l>c repre-sented by A R, and 
this may be transferred from A to and represented by C R' = All, 

Through C draw f^CS ppralhl to BA, through’T’, T Q' parallel, to A B,'Ks 
parallel to D C, and through R', 11' P’ parallel to A B, inectiug D C ]>j'oduLcd in P', 
and 11' S parallel to D C. 

The force C T' may l)e replaced by the forces represented by C Q' and C S, and the 
force C R' by the forces represented by C S and C P^ 

But C S s=: B S, and C S = A S, aiul A B = B S liy construction. 

Hence the two equal forces acting on C in opposite directions in th(> line S C S 
destroy each other, and the forces P acting at A, and Q acting at B, are replaced hy 
the two forces (' Q' and C P' acting on C in opposite directions. 

^Dut C Q' = B g:= Q, and C P' = A 1» = P. 

Hence these two forces may 'be represented by a single force P — Q acting at C in 
the direction C P', and this force may be tramsferr^ from C to D in Uic lino C D. 

The resultant of the two parallel forces, P and Q, acting in opposite directions at the 
points A and B, will he a force P — Q acting at D in B A produced. 
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from Af nnce when Q = P, they give us P — P or 0 for the magnitude of the resultant, 


P. A B P. A B 


the algebraical sign of infinity for A D; a result which diows 


UXMl or . mg nigyurmuoi bs^u w xuujuu^jr aim a a# | » rvsuAV wuivu uivwo 

that our problem in this case is impossible. 

Gsmpto.— ^When two equal and opposite parallel forces act at different points of a 
rigid body in the same plane, their effect, as we havq seen, cannot be counteracted by 
any single force applied to tbe body, and their tendency will p ^ 

evidently be to twist the body in the direction of the plane in ^ 
whidi they act. Thus P acting on A in the direction A P, \ \ 

and P acting on B in 'Uie direction B P, will twist the body •»-- ** 

round in the dircetion B A P or A B P. 

The term couple is applied to such a system of forces. 

Axaa of a Oouylo.—^The perpendicular distonfc between 
the directions in which the forces producing a couple act, ^ 

called the arm of that couple. Thus if the line A B is perpen- | 

dirular to A P and B P, which represent the directions in which j 

the forces producing a couple aet, A B is the arm of that couple. 

■Konaont of a Couple.—The product of the arm of a I'ouplc and one of the 
forces producing it, is called the moment of that couple. 

Th\ts if P bo the force acting in the direction A P or H P, then P x A B is the 
r/iymcttf of the couple, produced by th-.' coui*le whoso trrm is A B. 

This moment is a mcasun* of the tendency of the couple to twist the body on whiidi 
it acts, and it is customary to indicate a rouple by its moment. 

Squilibziuna of a Couple.—Though no single force can W found M-liich mn 
counteract the effect of a couple on a rigid body, yet a couple a 

may bo found to neutralise Uic influence of another. Thus 
if a force Q, equal and opposite to the fon'c P represented by | 

A Q be applied to A in the direction A (J of tl>e line PA pro- j. | __^ 

duced, and a similar and equal force at B in the lino B P , | 

produced to Q. : I 

Then the force Q at A being equal and opposite to tliat of ! p>f 

P at A, but in the same straight line, will neutralise it. v Q 

Similarly the forces P and Q acting at B will destroy each otlicr, and the body will 

be in a state of equilibrium under the influence of two '-- -. 

couples whose moments arc P X A B and Q X A B, ^ 

but which tend to twist the body in opposite directions, f ^ ^ 

A couple whose tendency is to twist the body in the > |_ , 

direction in which the hands of a watch move is called \ ' i ® ,* 

a positive couple, such as Cl X A B in the accom- \ ^ ^ ^ 

panying diagram; while the couple which would cause V 0\ y 

the body to move in the opposite direction, such as wm aimni -■ ^ 

P X A B, is called a negative couple. ---- 

It is also convenient to designate a couple by its — <. Ait p 

moments; thus, when we speak of the couple X j ^ j 

A B, wo mean the couple whose mpmciit is P X A B, I ■-\ 

AB representing its arm, and P*one of the equal f I r 

forces acting at its extremity. \ / 
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It i* more conTcment geDeraUf to rqpreBe&t tibo prodnot of F and A S tb« 
qrmbol F * A B, instead of P X A B. 

A«to of o Couplo.*—The tutu of a couple ia a straight line, wMob is supposed to 
be drawn perpendicular to i(i plane, and proportional in length to its moment. - 

Thus, if the arm of a couple be 4 in<^es in length, end the forces actii^ at its ex- 
tremititis bo both 5 pounds, and the arm of another couple be 6 inches, and the forces 
at its Qjctrcmities be both 8 pounds, the momentt of these couples will be represented by 
the numbers 20 and 48, and a Une 20 inches in length perpendicular to the plane of the 
ftmt, and another of 49 inches perpendicular to that of the second, will represent their 
respectiv^e ares. 

PROPOSITION xir. 

7 ^< arm of a couple map be turned round any point iu that arm, ts the plane of the eotgole^ 
teiihout altering the condition* of equilibrium. 

Let A B represent the arm of the couple, P, and the forces acting at A and B. 

Ill A B take any point C, turn A B round C into the new position A' C B*. 

Now at the points A’ and B' we may apply 
equal and opposite forces, P 51 , P 4 , I’j, and P*, y 

perpondirular to the lino A' B', and each equal ^^ 

to the f<rce P, or Pj, without disturbing the | d/^ \ 

conditions of iHiuilibrium of llio body on which I \ 

the couple P • A B is supposed to act. J IA-pu ! 

IViiiiucc the line A Pj to meet A' P^ in the § I 1 

point D, and 1*2 B to meet B'P, in £. Join CD ^ . I ^ 

andCE. \ \ ^b! ^ 

Bt'eauso in the triangles A' D C and ADC, vk ^ 

the angli*.-* at A and A' are right angles, the ^ 

side U (’ cominon, and A' C = A C. 

Therefore A' D = A D, and the anglo-« at D and C are bisected by C D. 

SiiiiiKirly, it may be shown that the angles at C and £ are bisected by C £. 

Ilcnic C D and C E are both in the siinic straight line. 

Sime any force may be transferred from its point of application to any other point 
in the line of its action, w4 may remove the forces I’l and P* from the points A and A' 
(o tile jMiint D, and the forces P 2 and P, from B and IV toE. For the sake of clearness, 
ihc new position of the forces will then be represented by the two following figures— 






(WO representing the posttions of tho two forces P 3 and P 5 , which have not bod tiieir points 
of application altered, forming a couple, and acting at (he extremities of arm A' S'; 
and the other, the positions of the forces whose points of applioatiou have been changed. 
Now, completing the parallelograms F| D P 4 B and E P 3 R' P^; D B and £ R' their 
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pifN^ Iki TCMdtttti flf tin Arms P| wi Mliag It ]>, «Bd?^ 
ao^MlS. iad^oethafoiirfiwoMPi, p4,PtaiidP|n««qul, M«i«tWth»tai|M 
OllfttMlB; ^ i biwBi i o p tUBntriby DB tadB B* wfll>»eq(ttal; lAidiiaoellMjMiria 
offqill* diioptkBMfai tlio wm l&M O C ttejr vQl OdualeMNi iwh oflMl; 
Wbmm OB tho oiholi o« luiFo loplaood Iho ooo^ P *. A B bgr tlB ooaalple P * A* B, 


^ FBOPOfllTIOB Xin. 

n« ^ m eoapi* ttiU noi S 0 itUtrai ^ At onn It nm m i It 4ii|f fmHim jnooffil ii 

itadff tUAmr m At «mm jt fa iit tr tibt tM.MM pmwUd It A. 

Fintly let tlM am A B of the ooaple P * A B he femoveA to the new podtien A' B* 

--- (Fig. 1 ), A* B* being penUd aad eq[nnl A B 

end in ^ enme pli^ 

\ The oonditiflBe of equttibriom vill not be 

I \ altered if vo ap^ to A* tvo foroea P, and P|, 
A J a V acting in (q^qj^oute direetiani petpendieidBclj to 

fv x I A* B', andbodiee^to P| orP*. 



t 






vasoBY or cojnju. 


..J —-—] 

l i 
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ns. 4. 


MsvkYRof.XI.yriiioaA.OasVOtBdPtsFM Pj aalPi^ setiaf iftA^wd Br 

trffl btt afuinl^ to s ilngls r ' a 

toito 0 Bi S3 S P Mftog stC >4 

to th* diniotiM 0 lanEal to | 

APitoVP«. SiwBirlyPiMd | ■- 

Pt aottog at A' nd B vii bt ^ | iT" Ir^ 

6qtoT«]aiitto(^BiS3 2PMttot ^A | *‘ J A 

•tOtothedireBtioiiOB|p«raL> I I ^ fb to 

let to A* P 4 or B Pg. But too >>''''^*1*“*“*---. S— 

two equal foroea 0 Bi and 0 B^ _ \y/^ A 

aeltog aw 0 to oppoa ito dbao- f | hT 

tioua iip tbe aaaia stiaight Itoe » > 1| ^ 

will counteract each other. 

Hanoa tha group of ftooaa 
Pjy P 4 , and P 4 Will neutnliao 

ea^ other, and wo shall only H .-*** 

hate die effeot of tho couple ns.4. 

F * A' F left, as represented in the other group (Fig. 4). 

On the whole, therefore, we hare reidaoed P * A B by the oouple P * A' B*, the aim 

(f A' B' being paialleland equal to the 

arm A B and m the aame plane with iL 
Secondly, let Ihe arm A B be 
, removed to the poution A' B* paral* 
lel to A B, in a plane parallel to the 
plane of the eoiq>le P ' A B (Fig. 4). 

Let D E H I represent the plane 
of the couple P‘AB, FOELa 
plane parallel to D £ H I, the plane 
to which the arm A B is auppoaed to 
beremoTed. 

For sake of deamese we may 
consider these planes as (^posite faces 
of the parallelopiped D £ F G H1 
KL. 

Then A'B', the new position of 
the arm, wiu be drawn in the plarte 
F G K L, parallel and equal to 
A B^in the plane D E I H. 

Join A F, B A' meeting to C, 
and apply, as in the preceding ease, 
equal and opposite fiMPoes Ps, P 4 , P 4 , 
P 4 at A' and F, each, equd and 
parallel to Pi or P,. Then Euc., 
B. zi.,Prop. A the trian^ea ABO, 
A' F C are to the aame plane, and 
as ii^the preee^iLtg ease A C rs F O' 
ng< a* and A' C ss fi 0. 

The panUal Ibrow P| and P 4 acting at A and F an equiralant to C. BiSs 2 Faottog 


Fig. e. 
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■I C g wt il ul to JP} or nad th« parallel foreat Pj and P^ a^tii^c at B and A' ar 
aq^TalMift to 0 B>t 3= 2 P acting at C parallel to P^ or P^ The fiwoaa C Ej aad C B« 
mvldzaliae each oidier, leaving, as in the^rovious oaae, the foroea P^ aad P^ aotiag at 
AT and B' as a ooople P * A' B*. 

Combining the two last proportions, we see that the arm of a oouple may be trana- 
iGoned from any poaitiou in its own phute, to any other poaitipn in that jdane, or to any 
plane parallel to it. 

• Thus, if we #ah to transfer the couple P ‘ A B (Fig. S) to the position, in which 
one easremity of its aim shall oorreapond to the point D, and the arm itself be in the 
direction D E, all we have to do is to take any point C.in A B, and through C diaw P G 
parallel to D £. ■ Then by Prop, XII. P' A B may be transferred to the position 
P ' F G, and from that by Prop. Xlll. to the potion P * 1) 11. F G end 1) II being 
both equal to A B. * 

PEOPOsiTioN xrv. 

CoupUt aet^ in th» mm* pUm* w in plant* parelM to «aek e/Arr, teUl b* e^mt if tkfir 

^ moment* it egual. 

Let P * A B (Fig. 1) bo a posttire couple, &nd Q* D £ (Pig. 2) a negntire one, 

cither acting in 
the saioe plane 
with P A B or 
else in one pnniL 
IcI to it. P being 
greeter than Q, 
and I) £ greater 
than A 1). 

Then the couple 
Q ' D E con be 
transferred so tut 
Ut hare its arm 
in such tt position 
tliat qae extrem¬ 
ity D shall coin¬ 
cide with A (Pig. 
1 ), and its arm 
the same line 
os A B. This 
is represented in 
Fig. 3, A F being 
equal to D £. 
Now, the opposite 
forces P end Q 
acting at A, iflhs 
equiraleut to a 
single force P—Q 
acting at A in the 
direction A P, as 
shown in Fig. 4. 

Bence the effect of the two oppoeite couples B * A B and Q * D E on rigid body. 
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on frhich they tro lupposod to Mt, wili be equiraleiit to the three poraUd foroei P—Q, 
P and Q acting at the points A, B and F in the same staraight line ABF. 

Now, if those couples P * A B and Q * B S, are such as to neutralize each other or 
produce equilibriuni, the equilibrium wdl not be distnibed by the alteration we have 
made in the position of their arms. Hence, the parallel £>rces P—Q, P and Q acting 
in the points A, B and F fb the line ABF, miilit tnthJs case produce equilibrium, and 
by Prop XI. .we shall hare 

(P—Q) AB = a BF 

or P AB = Q*AB + Q BF = Q(AB+BF) = Q-AF = Q‘IF«; 
which shows that themicnncnts of the two couples are equd. But a negative couple 
P' A B Vould counteract the positive couple P * A B if their arms were in tilie same position. 

Hence, two negative couples wilhlbo equivalent to each other if their mteicnts be 
equal, provided only that they act in the same plane or in planes which are parallel to 
each other. « 

The same reasoning will apply to positive couples. 

PROPOSITION XV. 

To Jini the remUttmt couple of two eouplfs, which do not act in the earns plane on a 

r$fftd body. 

For the sake of clearness, wo shall suppose the planes in which the two oouplas act, 





represented by the open pages of a book E F G H K L, steading upon a table (Fig. 1), 
and inclined to each other at an angle 9. £ H will be the intei^tion of the two pages 
or planes, which are both suppoaed to be perpcndiculw to the sorfkoe plane of the table. 
Let P • A B be the couple acting in the plane L £ H K, U * C D that acting inthe 
, plana £ F G H. 
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tto pwT l o m praporitioft tii« oovpfe P*AB mrlit wpliwki ^ tha omqpla 
P* * X fi acting ia tiM WBM plam B B B X 
yotWii F B H s=: P AB, 

InHKiakeHPrrP*^ 

Prodnoe L E «• and make B P =s H F. 

Tin FB H F will vepracoat in magni* 
lada and diraotkaL flm ooiqde F * BH whkih 
laplaaMP'AB. 

In a cdmOar waTinar Q.' B H Of will m- 
praaant in magnitada and direction tha 
couple Q* ’ B H, vbich wiU lefdapo Q * D 0 

pnnridadQ'Hor(^ = a*^- *** ** 

Completiag the parallelogram F H QT B on the plane of t^ table, and joiniilg H B, 
B B ifti diagonal will ropreaent a finea B in magnitude and direction, which will 
repiaoe the foroee F and Q'. 

Sinee tiie plane <4 the table it at right an|^ to the planec E F O H, and L E H K, 
and oonaeqnently Enc. B. zt. Prop. 19 to their intecaection £ 11. Therefore n R in 
tiie plane of the table will be at right anglea to E H. 

Shnilariy^ F and O' acting at £ wtU be replaeed by a force B, r epree en ted by £ R 
acting at ri^t anglea to £ H. 

Hence, on the whole we hare leidaoed th& een^lea P * A B and Q C D, by a single 
eoople B * X H, whose arm lice in the intenection of the planes in which the couples 
P* A B and Q* CD act. 

Let ns now suf^poae the parilklograni H O' B F, which we hare pravionaly drawn 
on the plane ai the table, to be drawn as in Fig. 2, on the plane of the paper. 

Draw H X perpendicular to H Q', H O perpendicular to H B, and H N perpen- 
dicnlar to H F. 

Then if 9 = angle QHF.MHNwiUsAtlm angle HHOwm^Q'HB, 
and N H O •”" S R 

TakeHir=;=Q"HE,HO=R*HE;andHNr=F*HK JoinlfOandNO 

Then H If, H O, and H IV will be the azea of the eouples Q'' H E, B * 11 £, 
and F' H E. 

Beoanae H F B QT is a parallelogram; therefore, the an^ H F B = 180* —$ and 
Trigonometry, page 83S. 

H HF*+FB!»—iH F • F cos H F R=HF*+F R*+2 H F • F R • ooi • 

or B» = F» + Qf*-f-*F a' ooe9 

IColtiplying both lidee of the ahore equation by H £*, we hare ^ 

B**H£*s;F*'H£*-4-Q***H£> + 2'F*HE‘Q'‘HEeoe9 
bntHK=:Qr*HE,H QpbB'H andH N = F ’ H E by oonatruotion. 

Hence, eubetitutingthem raluea in the equation, we hare 
B (PsE H N*+H1P +2 H ■ H M‘coe 9s=H £> H X*—2 H K * H M ooe N H M. 

* As aquation whidk is identieslly the same as that we should arrire at if we siqipoee 
^ X O H a paraUelogram iriioae diagonal la H 0. 



THXOBT fit OOUPUI9. 


fl 


jEUoM, i| tiro «idai of ft inaUslogiiin itpnMst tb* ASM of two Qompo^ 
ila d i nga ni l nqprcMate tiw i|^ cf tka varaltairt 

Sinflaily it Buq;; be ebowa that if tiw time edgee of t peMUtioj^ed l e prepe nt tiw 
' uae of thaee eowfnneat ooaplei» tbe diagonal of tba fara Ue to giped viH give tiie 
magnitnde and diiortion of the a«it of tiw waoltrot eoBfla. 


PB 0 P 08 IT 10 N Xn. 

* 

Whm m y h p aof m Id# ae^ «r in Id# 

rmdtanteomgl$^th4 aiwiV*** awawtil# gf <1# 

^ Let Pi * Ai B|, P, * A, B,, Py * A, B, be time poaitive^ and * A 4 B 4 a negative 


eonplp acting in 
the Mune plane. 

Draw any ar> 
bitraiy line C D, 
and apply at op- 
poriteextremitiea 
of it, two equal 
and opposite 
forces Q|, such 
that Q, C D s= 
P,-Aj B, or Qi 

-«P .A,B» 

ITd' 

Then Prop. XIV. 
theoouploPi ‘ Ai 
B| may bo re- 
plaoed by the 
couple Qi' C D. 

Similarly apply 
atC and D two 
additional equal 
and opposite 
foroeo Qg snob 
that 

a.=p.-^ 



!nw couple Pg * Ag Bg may be replaced by the oouple Q, ■ C D. 

__s._ Also the ooiq>le Pg ' Ag B, may be 




Qg *0 0, where ftgrsPg-^^ 

The force Q| acting ii^ tiu| o|ppoaite direction to the foaoea Og, Qg and Qg. 


replaoed by tiw oouple Og' 0 D, 

. provided Qg Pg ’ 

^ If one of the oeoplee as Pg* Ag Bg 
\ acts in tfie tqi^otite directian to tiw 
j others, itwilhbeieidaoed by tbe OQuplo 
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Henoe, on the whole, we have n^plaoed tVio four couples Pj * Aj Bi, Pj • Aj Bg, 

Pj ' Aj Bj, P** A 4 B 4 , acting in any llin>i‘ti(>n on a rigid bo^y in the aamc plane by four 
000 ^ 1 ^ acting at tlie extremities of tlio same arm. 

This is evidently equal to a single couple whose amia 0 B, with equal and oppoailu 
forces Qi + + Qj — Q« acting at each extremity. 

Hence we have 

(Qi + <1* + Qs — Q 4 )' C D = Q, *.C D +0, 0 D +Q 3 C I) ~Q**C D 
• z=P, A,Bi+ P, A3B*-|-P, A, Bj —P. A4B, 

Oir the resultant couple is the algebraical sum of the momenta of the comi>onent coiiplea 
The same reasoning may be extended fntm four to any number of e(.>uitK*«, and by 
Prop. Xlll. to couples acting in parallel planes. j 

Tbeoxy of Conploa.—The pTi.tpo.sitions from 12 to 16 contitin the ftindumental j 
principles of what has been cant'd the theory nf eouples ; for this beoutifiil theorj’, which 
w-as intriiKluccd into the science of Mechanics about forty years since, we are indebtinl 
to the distinguished matliematician, M. Pt>ius<tt. After we have i‘\lcndt*d our llth 
proposition from two to any number of panillel forei's. we shall ntrain n-turn to the 
theory of couples, and determine by its aid the eorulitioiiaof eqiiilibriunv for any iiumber 
of forces acting on a rigid body. '* 


PROT’OSITrON XVII. 


To find the maynittfU and direeti»n nf the ri mitant of any nuntlcr of parallel foreet 
aetirtff on a rtyid b-Wy tn (he sann' plane. 

Let four parallel forces, P„ P,., Pj, aii'l i**, acting m the sani** plain* on the ituiiita 



A„ A,, Aj, and A*, be represented in magnitude and direction by A, P|, A, Pj, A, Ps, 
and A4 P4. 

Join A| A,, then by Prop. XI. B, Qj = Pi P* apptied at a point in Aj A» 
such that . « _ Pj_ * A 

Ai B| —p Aj Aj 

aioi drawn parallel to A, Pi or A, Pj will represent Q, the resultant of the parallel 
forces Pi and Pj in magnitudo and dirc'ction. 

Then join Bi A^, in B^ A^ take a point U, such that 

®‘ ~ P7 +^ 

throa{^ B) draw B, Q, parallel to A^ Ps and = F} Ps 4* ^s* 


¥ 





RF.Kri.TANT OF PARATJ.KL FORCEH, 


B, Q, will represcat Q, the resultant of P, and Q|, or of aad P| in magnitude 
and direction. 


Again, join Bj in Ej A4, take a point such that 
n. -_B. A. —_ I!* 




Bj A 4 


Through B, draw P, Q, = Q-j -)> 1*4 = 4 * ^3 4 * parallel to A, P4. 

Thou Bj will represent Uj the resultant of the forces and P^4, or of the four 
pandlul forces l*n I'a* 1 * 3 » and P4 in magnitude and direction. 

Thu aatue reasoning may be extended to any number of parallel farces. 

It is sometimes fir more convenient to refer these various points, A4, Ag, A3, A4, 
B], B4, B,„ &c , to two fixed arbitrar}' lines or axes drawn at right angles to each other, 
us in Props. Vlll. and IX. » 

Let O X and O Y, draw'n through the point 0 at right angles to each other, be 
chosen as arbitrary rcttint~ 

gtditr rtxrs, to whii h the points ^ ^ 

A„ Aj, &c., &c., are « ^ 

to Ik? refi nrd, • / 

Through A,. Hi, and A-^ y ‘ 

druwAi Ml, Hi N'l, and Aj Mj ' 1 v 

pi rpondicular to O X. / Oj--Rj.D» S 

Then the Inies O Mj and A ^ ^ P_ i 

M, A„ which d--t<Tinine the ] 

position of the jhiint A, with | ^ y s. 

resiK’ct to the axes O X and ^ i 

O Y, arc called the r«cVin~ ^ 

gtilar co-ordinates of the point ! y J 

Ai. ( if 

Similarly, O X, and Xi B, ^ _^ . U 

arc» the rertaunnlnr co-ordi- V |At ^ R 1 ® V 




Similarly, O X, and Xi B, ^ _^ . U 

ar«» the rretangnfar co-ordi- ^ ^ R 1 ® y 

nates of B, ;* and O M.^ and 

M, A4aretho'”'oftht‘point,\3. | q 

Let () Ml he reprc'scntc'd J ^ 

by the symbol Jt,, O Mj by / ^ 

M-i, Ai M, by y„ and A^ Mj < rs * I __ 

byy.j. t Mf Ni Mr 

Thnjugh A, draw Aj R 
parallel to O X, cutting B, Ni 'Xr 
in S and Aj M.^ in R. 

Then from the constructiin of the figure, it is evident that the angles at S, H, 

N, and Mj arc right angles; consequently A, S z= M, Ni, A, R = M| Mj, and also 
A| M|, S Ni, and R M,, are equal to each other. 

Now, by the previous part of the proposition, the point B, was so taken in Aj A^ that 

A^I ®1 — Pj ^ Ai A,, or 

Again, beoauao A^, B is parallel to B, S, therefore £uc. B. vi. p. 2 » 

A,B, A, 8 BjS 

* 7 [ri:i= 2 rK~X^‘ 




SSSVLTAKT OV VA1U.I.LKL, FORCSB. 


M=IMi=£ 5 ^- 2 *= 2 »L=a. 

JL|IL IMkiO M[| CS|^ * 

^ ^ = PT^' 

we have 

*i-*i -i'lOt 

Or (ONi — #J (P, -f PO = Pi«» — P« »|. 

Aud ON, (Pi + Pf) Pi)l, — Pi*i ssP*J% —Pf«j,. 

Hence O Ni (Pi Pj) Pi *4” ^e 

AadONi= 

b,8_ ba-!m, _ b,n,-a,m ,_ 

A(Ms<—RM, AglCj—'AiM^ irs*~l^i 

_ B, 8 Ai B, P, 

®“‘A;i=iS = PHFT7- 

bmum • • 

y.-yi “Pr+^’ 

-And (B, N, - y,) (P, + PJ = P, y, - P, y, - 

Or B| Nj (P, Pj) — Pi y, — Pjy, — Pjy* — Psyi* 

A-j n XT _P| Fi *4“ P* Fa 

And Jlj jT — • * 

If, now, from B, and A, we draw B, N, and A, M, perpendicular to 0 X, and repre¬ 
sent O M, by and A, M, by y,. 

Then, by a similar conatractica and demohetration to that uaed for the points A„ Bj 
and B,, we can ahow that 

®i fi* ». B, N, — B , N, _ B, y, ~ B, y, 
fij A* “ B, N, — Aj Mj 1S7^ I ■— yj 

B, B, P, 

But it has been shown that tr-^ = K— . t> v i> » 

1*1 A, I'l-f. ij-f. r, 

„ P, B, N, — B, N, 

Hence g . i, 1 - 1 > ~ = nw- - —' • 

Pi + Pa + P* Bi N, — y, 

OrP, B,Ni-P,y, = B,N, (P, + P^ + P, * BiNi - B, M, (P, + P, + PJ. 

But Bi N, = or B, N, (P, + P,) = P, y, + P, y„ and eubatituting 

this value in the above equation, and tranapoaing, we have B, N, (P, P, ^ PJ = 
PiPi + Pay* + Pays* 

n-n na _Pi yi “f” Pa y* *4“ P.1 ys 

OrB.N«~ P.VK + Pr • 

In a aimilar manner it may be shown that 


OH. — -r «^a^ ^ 

* Pi "4“ P 9 Pa * 

If, now, perpendionlars Bg and A^ M4 he drawn fttnn B^ and A4 to 0 X, 

And O M4 == and M4 A4 =s yi, we aholl have by the canying oiU the same 
method of demonstaiition _ 


Hence 
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We mii^t pioceed from the ease of Ibur ihroea to flre^ from five to six, end «> on; 
so that, assuming the symbols s and p to represent the rectangular oo-ordinstes (tf the 
pdnt of applicatiim of the resultant of IS parallel lbroeaP|, P|, fro., P, referred to the 
arbitnuy axes 0 X and 0 T; we shall hape 

1*1 4 - Pa + p. -4- fro., + P, * 

Andw- y i “ i- ± . ^? yi t ± ^ji ? ity.a 

p,4.p, + P3 + &c., + p,, 

If any of the toroes act in an opposite direction to the others, they must be taken 
with the negstipe sign; the co*onliiute8 of the various points of application of the forces 
must also be taken with the proper signs, detormined by their position with regard to 

the 


PROPOSITION XVIII. 

Tojlnd th 4 magnUvit and direction of the rtauUani force and reetdiaat eoufde of any awii> 
^ of foreee aetiny on a rigid body in the tame plantf and the eonditione under which 
there will be equilibrium. 

lict P„ Pj, and P4, be four forces represented in magnitude and direction by 

•hi Pa» 

A, P„ and 
A4 P4; acting / 
on a rigid ( 
body in the / 
same plane. / 

•hi, Aj,h3,and ! 

A4, being the f 
points of ap¬ 
plication of) 
these forces to | 
the rigid bo¬ 
dy. In the 
plane in which 
the forces act, 
take any two / 
straight lines \ 

O X, O T, at 
right anglea ' 
to each other 
as rectangu¬ 
lar aze. a 



Fig.l. 


Let 0 M , = F„ hi If I SB be the rectangular op*ordinatea of hu reftned to flie 

axes OX and OT. 

= A,Ma = y« those of h,; 0 hgM, = p^ those of A,; and 

0 M4 ns e;^ h^ M4 = ^4 those of h4 
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*Alto let a„ 02 , as» and the angle# that A, P„ A, F„ A, P„ and A, P* make 
antb lines drawn through A^, At, Aj, and A^ pavtllol to 0 X. 

F<»r the sake of dcamoas we will first ooufinc our attention to the force P^, acting at 
the point A|. 

Throu^ 0 (Pig- 2 ) draw O o, at right angles to Pj A| produced. 

Also through O draw Pj" P,'" parallel to A, Pj. ». 

Make O P," and O P,"' both equal to A, Pj. « 

Then without disturbing the equilibrium of the body wo may introduce two equal 
• and opposite forces P^, represented in magnitude and direction by 0 P," and 0 P,", 

acting at 0 , and also transfiT the ]>uint of 
application of P, from A, t*) a,. 

Htiiice, on the whole the vffcct of tho 
force Pj acting at A, ia iH}niralciit to n force 
P, acting at O in the direction O P,' paml- 
lc>] t 4 > Ai P,, and two equal and 0 ]q>'vsttc‘ 
forces ropri'St'iitctl in magnitude and diici'- 
tion by O P,', rt, P,’ acting at right angles 
to O rt, and forming a eonpU* P, ‘ On ,, or a 
couple arhoso moment is P, multiplied by 
the pcrjiendicular from 0 on the line A, J’, 
pnaluced. 

In a similar manner the force P, (Fig 1 ) 
asting at Aj may be replai'cd by a force Pj 
acting at f>, parallel in dinvtion to Aj 
and a couple wbfise moment is Pj multi¬ 
plied by tho {>er}>endieular from O on P, 
produced. 

The force P 3 acting at A, m.iT be re¬ 
placed by a force P, acting at O parallel to 
A 3 P 3 , ami a couple a hose moment is P 3 
multiplied by the perpendicular from 0 on A, P 3 produced. 

And, lastly, acting at A^ may be rcplaetnl by a force P* acting at O parallel to 
A^ P|, and a couple whose moment is P^ multiplied by tho perpendicular from O on 
A 4 P 4 produced. 

On the whole, therefore, the forces P„ P.^, P*, and P 4 acting at tho points A„ Aj, A,, 
and A 4 , may be replaced by forces P„ P», P 3 , and P 4 , all acting at O in lUrections parallel 
to Aj P„ Aj Pj, Aj Pj, Bud Aj Pj, whose resultant will be a single force whoso magni¬ 
tude and direction may be found by Prop. IT.; and four couples whose arms aill ^ve 
a common extremity O, and whoso moments will be equal to P„ P,, P 3 , and Pj, each 
respectively multiplied by the perpendicular from O lut the original direction of the 
force; or on Aj P„ and A 4 P 4 produced. 

^ By Prop. XVI-, those four couples will be equivalent to a single ooupls whose 
moment is equal to tiie algebraical sum of their moments. 

The single resultant force acting at O shows, tho tendency of the four farces 
Pj, and P 4 , acting at O to move 0 in some rectilinear directly, while tho resultant couple 
gfVes their tendency to twist tho'body in some direction round the point 0 . 

Ia order, therefore, that the rigid body should be in equilibrium when acted on by 
these forces, these resultants must each be equal to nothing, since if tho resultant fSorce 
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lone were equal to nothing, the rciultant couple would twist the body round 0, as a 
fixed point; or if the moment of the resultant couple alone were equal to nothing, the 
body would moYC so as to keep O in a straight line. 

Hence the eanditiom of equilibrium of four fdneos Pj, Pj, P3, and P*, acting on a 
rigid body in the same plane at the points Aj, A,, A^, and At in the directions P, A^, 
P3 A.j, P, A3, and Pt A^ are two. 


Firat .—Ihe resultant of four forces, respectively equal to Pj, P3, Pj, and P*, acting 

_ ^ „.Y__ ♦_ _ % a Wa a T% a w* 


A, P 


3 > 


on any point O of the bo<ly, in directions respectively parallel to A^ Pj, Aj P 
and Pt, must be equal to zero. 

Second .—Thu algi'braicol sum of the moments of the four couples, whoso arms afe 
the perpendiculars drawn fiem 0 on Ai P|, A3 P,, Ay P,, and Aj Py produced, and 

whoso forces are respectively 
equal to Pj, P.^, P3, and Pt, mtist 
likewise be equal to zero. 

This latter conditiim is tech¬ 
nically called taking the mo- 
mrnt| about the prdut O. 

The reasoning above used 
fur four forces may readily bo 
extended to any number; it 
must also be observed that the 
position of the point 1) is per- 
fdotly arbitrary in the solution 
of problems. It is peiierully so 
clioseu as to facilitate the solu¬ 
tion, and to avoid unnecessary 
labour. 

Instead of pursuing the pro¬ 
ceeding method, it is frequently 
advisable to n'solvc each of the 



Fip. S. 



forces Pj, P„ Pj, and P4 into two, a cting 
11 directions ptirallel to the arbitrary 
axes 0 X and 0 Y (Fig. 1 ), as in 
Props. VIII and XI. 

Confining, as before, our attention 
first to the force Pi, acting at A, in the 
direction A, P,. 

Through Ai (Fig. 3 ) draw A, Xj and* 
A, T, parallel to O X and O Y respec¬ 
tively ; and tJiroiigh Pj, Pj X„ and Pj 
Y, perpendicular to Aj Xj, and Aj Yp 
Again through A, draw A^ N, perpen- 
dietilar to 0 Y, and Aj M, perpendicular. 


Fig. 4 . to 0 X. 

The force P, acting at A, may he replaced by two forces X, and Yj at ri^t 
angles to each other, represented in mi^nitudo an»^ direction by Aj X, and Ai 4 

(Prop. III). . 

Without disturbing the conditions of equUibrium, two equal and opposite forces 
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ingiiMtttua in OHgiiitado and dirBotioa bj 0 X|‘ aod 0 Xi”, MMsh oqual to A| X|, mtf 
be BMUed to 0 ia the diietithm O X. 

two equal and oppoaita fnroea O* Tj', 0 Tj", aedi equal to A| T| maj be 
applied to 0 to the ditectaoii O T. 

Jdao (Elg. 4) the foroe Xj, mif be tranafinred from to Nft and the foeoe Tj ftoagi 
A| to If |. 

The foroea now aetiiig oa toe body aa to Fig. 4, may bo divided tote two gv>ups, 
one aa in Fig. 6, oonaiating of the ftn«ea X| and T, aottog at O, and repreaented to 
magnitude and diieetaon by O Xj* and O T|'; and toe other aa to Fig. 6, of toe oouplea 
wboae momenta aie X^ multiplied by O and Y| multiplied by O M,. 

The tendency of tbe couple X^ * 0 K| ii ovidently to twiat ti^ body to the oppoaite 



direction to that in which the couple Tj * O N| haa a tendency to twist it. lienee, if 
one be considered poeitivo, the other moat be negative. By conatructiun A, M, = 
and A| N, = Ml O = Z). 

Hence the resultant moment of these two couploa, Prop. XYL will be 

Y, • zi — Xi ■ y. 

On the whole, therefore, we have replaced tbe force Pj acting at Aj by the forces 
X| and Yi acting on O in the direction of the axes 0 X and 0 Y, and a couple whose 
moment is equal to Yi * Zi — X, y,. 

Bcferring to Fig. 3, we see tliat Ai Xi = A| F| cos a|, and Aj Y^ = A| Pi sin 

Henco Xi = F, cos oj and Y, = P, nn a|. 

In a similar manner it nqay he shown the force Pj acting at A^ may be replaced by 
toe forces X, and Yj acting at O in toe directions O X and O Y, and the couple whose 
moment is Y: Z.J — X; y 2 , where Xj =: P, cos a, and Y« =: P^ sin 03 . 

^ Likewise P 3 acting at A^ may be replaced by X 3 and Y, acting at 0 in the directions 
OX and O Y and,the couple whose moment is Y 3 z,— X^y,, whore X, = P, coa a, and 
Y, = P 3 sin a,. 

Lastly, P 4 acting at At nuy be replaced by X 4 and Y 4 acting at 0 in too directions 
O X and O Y and the couple whoso moment is Y 4 Zt — X 4 y 4 , where X 4 ==iFt oos Ot and 
T 4 = Pi sin Of 

On toe whole, therefore, toe four forces Pi, P*, Ps, and P 4 , acting at Aj, Aj, As and 
Ay, fa tbe directions A, Pi, A, Pj, A, P„ and A 4 have been replaced by four forces 
Xi, X 3 , X 3 , and X 4 , acting at O iiuthe direction O X, whoso resultant is a single foroe 
equal to X, 4- X, <4- X 4 , acting at O fa 2kc direction O X; by four forces Yi, Y,, 
Y„ and acting at 0 to ^ direction 0 Y, whose resultant toa tingle force equal to 
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4* ACtlBgftt 0 ia tho 4{nctwm OT; togetlMr wHh four oouplet, 

whote resulUnt coui^e, Peo]^ ZTI^ will be one wboee moment ie equal to 

(Yj F, X| y,) + (Tsi^ ^ *4~ (Ya *^1 ^ yi) 4” C^i *« ““ ^y»)* 

The two forcM 4 ^X 9 4 * ^ + ^ acting at 0 ^titedfraetlon OX, and (Tj 4* 
Xf 4 * ^a 4 * X 4 ) acting at 0 in tbe direotion 0 Y, will naTu a aixigje reeidtant wbddi 
may be found by Prop. I. 

In Older that the body may be in a poeitioa of eqaiEbtiiim When acted on by the 
7otcm P„ P 9 , P„ and P 4 , api^ed at Ai, A 9 , and A 4 , in the dtrectiona A^ Pi, A^ P,, 
A 9 P„ and A 4 F 4 , Uua roraltant must be aero, a^ ao muat tbe moment of the reaoltanf 
couple. 

In thia oaae, ezduding thoae conditionB which belong to the oouplea, refenring to 
Prop. IX, we a hall hare two conditions for the ftwces acting at 0 in the direetiana 0 X 
andOT. 


X,^-X, + X,-|.X*=0 

AndY,4.Y,4-T, + T* = 0 

The moment of the resulting couple being also seto, gives us a third condition. 

(Y, », + X, y.) + (Y,c, - X,y,) 4- (t,*,- X,*,) + (Y**^ -^LyJ = 0 . 

Where Xj = P, cos «i, X9 = cos Ot, X, =: P, cos a,, X^ = P4 cos 04 ' Y^ = Pj 
sin a„ Yg = P, sin a,, Y, = P, sin a„ and Y4 = P4 sin 04. 

The sbf^Te reasouing may readily be extended from four to any number of forces. 

We have for the sake of simplimty drawn the difectiona of the forces P,, Pg, P 3 , and 
P 4 , in such a manner that the& co*ordinatea and tcsolv^ portiona should be positive. In 
other cases we must remember that if tbe resolved part of any force act in an opposite 
direction to that we have drawn, it must be considered negative; and if one or both of 
the cO'Unlututes of the points of application of the force be negative, we^have only to use 
the negative sign, tiubstituting these signs careftilly in the above formulas, we many 
flxU'nd th<‘m so as to include every possible case of any,number of forces a cti n g on a 


rigid iHHiy in the same place 

Oantxe of Oxawity.—By 
Pn)p. XVI1. we found that if 
any number of parallel forces 
represented in magnitude and 
dirci-Uun by P„ P„ P*, &e., P^ 
acting on a rigid body in the 
same plane, at points A„ A,, 

Ac., A;, be refmed to rectan- 
ular axcB.jind as,, y,; y*! 

# 3 , y,; Ac., y^ bo tbe rectan- 
gulm co-ordinatoB of A„ Ag, A,, 
Ac., A„ referred to these axes. 

The rcsxiltant force will be 
equal to P, 4^5*a Pa 4" 
acting in a direction parallel to 
Pj, Pg, Ac., and applied at a point 
whose eo^ordinates'x and y may 



be found by the formuln. 

^1 4* r? 4- 4- ±La. 

*- r, + r, + r, + 4c, + p. 
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CKNTJIK or HUAVIXV. 


*' — i>, + i’» -H 1*8 4- '&« t + K 

From Ihew formuW it u obvious that the position of the point of application of the 
reaultnnt of the parallel forcea is imlepeiMluut of their diroetioii. Ilonce, if each of the 
ftnroea represented in magnitude and direction by A, P,, A.j P^, A3 P3, r.ud A, bo 
turned through the same angle a, about the points A,, A^, Aj, Ac., A„i into the position 
shown by the dotted lint's, the pt»int of application t»f Uie resultant wUl iku move. 

For this reason this point is calltHl the centre &/ the paruUet forut. 

Wo hare seen (Pn*perties of Mattt^r, page 12), that the weight of a heavy hody is 
prudtieod by the earth's attraction on each of the material ]>aitiLles uhii h it ih eont* 
]M>S(.>d, and that this attraction is the same for all kinds of nialUr llene*, a inch 
of iron weighs more than a cubic inch of wood; nut beenust' the e.u-th's .ittia* tion is 
grvatiT for particles of iron than for thase of wood, but lH-<au»c a 1 uioi. im h nl tlie 
fome r contains a greater number of gravitating particles th.'in th< laitt'r. 

The attraction which the < arlh e xerts on nil infcs+cs m ar it" s:vtt.tci', .>n ai-i ..uni id 
its liu-ger relative mass, is so great, that for all mass^-s whe h are in-t very 1.0 Cf, ««• 
may neglect the attraction which the particles of these masses or th.tst in th< ir neivh- 
bourhoo^i oxerfon ijue another. \Ve can, on this aeeonnt, lapuily delemnne with e- n- 
aiderable aceuraey the direction of the eartli's attr.ietion, orjjrat tty 

Let a small weight of lead or bras- P, be fixed to one extremity nf ,i tlnn tl. \)l>le 
string A P, and susiwiidcl fmm a fixed p<»inl A. The weiwfhi I’. -iti> 1 iting 
ftr some little time, will, if undtnturbi >1, rest in sucE a ptcuti >n tti.i? th>- slii'h; 
A 1’ shall point to the earth's ceutf'e. Such an instrument < ilii i! ,s -o 

a p/uMf-iine, and the line in which it n sts the rerttcui If tw.' ; !utn'>-lj!ie-. hr 
sus|HMided from points sitiiuti'd at diffcii-nt jtarts td’ tl»‘ 'Mith ' tin} 

cannot be e.xattly j»aral]el, but must make a certain anule wi*li «,n ri i'th< i. unlc'-^ 
the one point lie in the anti^sides of the other, in winch cuSe tie <!;i< ‘tiMOc uil! 
1 h' in the same straight line. 

For all piactical purjmses, on account of the coniparati\c i.i> .itn* *■« of tin' 
earth’s radius, we may say that two pluinb-liiici of any otdin.n y 1. i.LMh, •.ii-jH inh li 
within any apartment, however hug**, will b** par.<lh 1 to <-u> L ■ lii- r . •‘iiuc if 111 
still water, at a Jonaiue of 200 \arrlA f;onif cac h other, wc wen- t< 'ink two pluin- 
pn mete a mile and a half in length, they .would not depute furtlif t titan 3 inelas 
from larfei t paralltlism. 

It i.s true that a large mass of matter, such as a mountain, will sii rhrly deflcrl, aa 
according to the theory of gravitatnni it ought, the pliimh>Une from the tiiic virtual, 
but in ordinary cases this sourci* *jf error may be neghxted. Again, tin* utti.'ution of 
tlic efiilh will vary according to the distance from its oentre of the partnb- or body 
fttracte'd; but this variation may also lie neglected for bodies whiels lue small when 
conii)'ir*'d with the magnitiid** of the eaith. 

Hence, in most cases, even such, for instance, as the largest line of b.<itt]<"ship, 
■without introducing any «en.Hible i-rror, wo may regard tlic attraction oFstbe earth, 011 
any ma'i.'* of matter, as acting on every material particle composing that mass, in diroc- 
tions parallel to the plumb-line siispendM near it. 

The rtufri' 0/ the paralM forern^ produced by the weights of the inatc’iial particles of 
which any heavy body is composed, is called the centre of gravity of that fmiy. 

II**nce, Prop. XVII. anables us Ui find the p<«sition of the ctintre of gravity of any 
number of heavy particles whose w'eights and positions arc known. 
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From the properties of the centre of paralM foreee wc have already demonstrated, it 
follows that the eei^re of gravity of a heavy body ia that point within or without the 
body at which the whole of ita weight may he conceived to act; and the body will produce 
the aame mechanical effect^ aa if we were to auppoae the whole of ita weight concentrated in 
that point. This enables us tn extend Prop. XVII., to find the common centre of gra¬ 
vity of several bodies, whoso weights and tho position of whoso respective centres of 
gravity are knoa*n. 

Again, beeauso the parallel forces exerted by tho weights of tho material particles of 
a body will have the same direction in whatever position it is placed, its centre 
of gravity will not change its position with respect to the body for any change in tlie 
position of tlie body. Hence, if the centre of gravity be fixed, the body will balance 
about it in every position, because the resultant of the weights of every one of its 
elementary particles will pass through the fixed point (the centre of gravity) in every 
position in ■which the body can be placed. 

PROPOSITION XIX. 

^ a heavy Itodybe in equilibrium when sttapendtd from a point, or V’hcn reatingon a point 
i« contact with another body, %ta centre of gravity will be in the vertical line passing 
through the point of auapenaion or contact. 

Let Figs. 1, 2, and 3 represent a section of tlic heavy body, taken through the piano 

passing through its centre ot 

of 


/ 


OL 





\ 


1 

i 

)• 

/ 




B 
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gravity G, and ita point 
suspension or contact A. 

In Fig. 1 we suppose the 
body supported by a pin A C, 
passing through a hole at A, 
about which it can move 
freely; in Fig. 2 it is sus¬ 
pended firom a point at A, by 
a string fixed at C; and in 
Fig. 3 it is supported by 
another body with which it is 
in contact at A. 

In all three cases let the 
vertical be represented by tho 
plumb-line A R, the centre of 
gravity must lie in that line. 
If it do not, let it have some 
other position, as G. 

From our definition of tho centre of gravity, the weight of tho body will produce 
the same effect upon the body as if, being destitute of weight, a force equal to its 
weight, acting ■vertically downwards, was applied to its centre of gravity. 

Let O W = W represent this force, the weight of the body, in magnitude and 
direction, and wo then have tho case of a rigid body without weight in equilibrium 
when acted on by tho force "W acting at G, and the reaction or tension at the point A. 

Through A draw A D pcipcndiculor to G W or G W produced. Then by the 
principle of the transmission of force, W may bo transferred from G to D,.and W ■ A D 
will be the moment of a force tending to twist the body round the point A, which is 
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connt^raoted by no other force. Consequently, equilibrium can oiUy exist if W or A D 
be equal to nothing. But by the terms of the proposition, W cannot be equal to nothing. 
Hence, there can only be equilibrium where A D is nothing, in which case G must lie 
in the lino A B. 

In the Kiime manner it can bo shown that if a heavy body balance on a given 
straight line—as, for instance, the shari> edge of another body which ia a straight lino— 
its centre of gravity will he in that straight line. 

If any homogeneous heavy k>dy be of a form which is symmetrical with respect to 
a certain point or line, the ceotre of gravity will bo in that point or line; for the very 
idea of symmetry requires, that if any point be taken in the body, there must be another 
point in that l>ody equidistant from tiio point or line about which it is symmetrical. 
Hence, since the centre of pravity is the centre of the parallel forces produced by the 
weights of the material particlfa composing tl»e body; if it be homogeneous, that i-*, 
composed of particles of the same a'cight, nnd distributed unifoimly throughout its 
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substance, any tme particle in the body will be balanci’d about tho point or line 
around which its form ia symmetrical, by another partiilc equal to it in weight, nuo 
equidistant from that point or line. • 

The centre of gravity, therefore, of a sphen'. will be the centre 
of the siihcTc; that of a cube or oblique paral- 
Iclopiped (Fig. 1), the point where two diago¬ 
nals intersect eat h other. The centre of gravity 
of a right (Fig. 2) or oblique (Fig. 3) cylinder 
will be in the middle of \U axi.s; and that 
of a ring (Fig. 4) will be the centre of the ring. 

The centre of gravity of a hollow sphere or 
cylinder will be the same aa if it were solid, 
provided it be of the same thickness throughout. 

From this it follows that the centre of gravity 
of a body need not necessarily bo a point 
within it. 

Szpextmeitt&l Sctuxsaijuitiott off tlM 
Contxo of Chrawity.—The preceding propo¬ 
sition affords a means in many instances of 
determining the position of tke centre gravity 
of a body experimentally. 

Thus, if a body be suspended by a string, attached to the point A (Fig. 1), the centre 
of gravity will lie in the vertical line A B passing through the body when it has 
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] atiainccl a position lu which it is perfectly at rest. We now' su8p4‘nJ it (Fig. 2) from { 
j another point C ; let C D be the position of the vertical when it is at rest, this line will I 
! intersect the previous line A B in the point G, which will be the centre of gravity of the i 
j body. In many eases w'c shall thus be enabled to estimate the position of the centre of ! 
I gravity. If the body A 0 B D (Fig. 2) bo bounded by plane surfaces, and be of uniform j 
j thickness throughout, we know that if the lines A B and C D be traced on both parallel j 
Kiirfaces, the centre of gravity will lie in the middle of the straight lino joining the two j 
j points of intersi‘Ction of these lines. ' 

} To find the centre gravity of a walking-stick, which is supposed to be symmetrical j 



with respect to an axis passing through its centre, and ha.s a heavy head or handle, we 
I Lave only tu balance it on 
{ the sharp edge of a body, 
j as indicated in the figure, 

‘ and wc know the centre of 
, gravity will lie in the 
‘ point whore the vertical 
plane passing thruugb the 
j I'dgo inti'rsLcts the a.xis of 
I the stick. 

' lu these experimental 
deterraiuations of the ct li¬ 
tre of gravity it does not 
j signify whether the body 
< be homogeneous or not. 

* thus, llio adjacent figures show the mcUiod used by Desaguliers for estimating the ' 
centre of gravity of a human body or skeleton, in the positions there indicated. i 

Stable and Unetable Equilibrium. —Theoretically we say tliat a heavj'body i 
under the action of gravity, may be in oquilibrium in a certain |>ositioii, though we may [ 
. not be abb; practically or experimentally to demonstrau* it, because tho slightest dis- ! 
i turbance of the position of the body may destroy the conditions of its equilibrium. 

' Thus, theoretically, a «‘one will be in a position of equilibrium whether it rest on a table 
j (Fig. 1) oil its apix. or (Fig. 2) on its base. In the former case, however, the slightest 

possible movement 
to tho one side or 
the other will de¬ 
stroy the equili¬ 
brium. The cqui- j 

librium W'hich is ' 

1 

theoretically but ! 
not practically poa- I 
sible, is called «n- I 
stable, while that ' 
wliich is pmctica- I 

___ _ _ _ _ stable equilibrium, j 

j while tho nttenqit to balance it on one of its extremities will only bo successful j 
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by imitaWg Uie vcll-knovn muthod Columbus usod to destroy its un»Uibte egm- 
A body may bo said to be in stable rp4tfibrium if alter a slight disturbance it 
recoTors its pos^on of equilibrium ; and in vmtable fqttilibritm if after a slight disturb* 
anoe it does not roco>'er it. When a body is supported by its centre of gravity it arill 
rest in every position about that point; this has Wen culled indifferent equilibrium. Thus, 
a cirdo or any plane hgiirc, of uniform thickness, will rest in every position on on axis 
passing through its ceutru of gravity. 


PROPOSITION XX. 

The equilibrium of a body Mtill be stable or unstable aeeordiny as its centre of gravity is i« 

the lou'sst or highest position possible. 

If a body bti in a state of equilibrium, suspended by an axis at A (Fig. 1), al^mt 






whieh it is capable 
of moving freely, 
or resting on a 
point A (Fig. 2), 
any slight disturb' 
ance vrill cause 
the body to move 
to the right or left, 
os shown by the 
dotted lines, and 
the centre of gra¬ 
vity' to describe a 
small arc G G'; 
but tlic centre of 
gravity having 
moved, however 
slightly, behm- 
ilic point G, the 
tendency of the 
■weight of the body 
will evidently be 
to remove the cen¬ 
tre of gravity fur¬ 
ther from the ori¬ 
ginal position 0. 
But if the centre 
of gravity be in 


its lowest position G (Fig. 3) after any disturbance which should remove the point 
G to G', the tendency of the weight will be to restore the body to its original posi¬ 
tion, and the point G' to G. 

' The tendency of the centre of gravity to recover its place if removed from its lowest to a 
higher position is well illustrated by fixing the half of a bullet (Fig. 4), or any hemispberi- 
cal heavy metallic body, to a cylinder of elder-pith, cork, or any o^r light substance. 
The oente of gravity of the whole will lie somcwbcrc in the heavy bcmispborc; and if the 
cylinder be removed to any position, except it be laid almost absolutely on its side, it will 


I 
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speedily rocorer its upright position, as ^JlOvm in the figure. Toys are constructed on tliis 
principle, the cylindci being cut into the form of a soldier; a regiment of such mimic 
troops being pressed nearly to the ground by passing a stick orer them, seem immcdiatolv 
to B]>ring up and recover their position as if by magic. The toys called tuinllera, made 
of plaster of Paris with a hemispherical bottom loaded with iron or lead to bring the 

centre of gravity to tlic lowest position possible, also owe 
their amusing properties to the same* 
principle. Screens have been invented 
which, by this con¬ 
trivance, right them¬ 
selves after being 
pressed down. The 
annexed illustrations 
show bow a pointed 
stick may be easily 
balanced on the tip of 
the linger by fixing 
two pen-knives in its 

f-ide, tliu^ ennvorting an unstable into stable oqjiilihrium; and how three pen-knives, 
j)laec‘'l in the jtosiiion A, H, C, and 1>, may be kept in equilibrium on the point of a 
iii'eJlc held in the hand in Ixitli eases the centre of gravity must fall below the point on 
whieh the bwlics are bs^anei'd. 

A mall figure A with its foot fixed to a sjdiere TJ, through which j^asses a bent wire, 
having two leaden balls C and I) attached to its exlromities, 
if placed bw^iselyon a stand E will spei'dily recover its up¬ 
right position after In ing moved from it: the figtuc 
lH.-ing so constructed that the centre of giavity of the 
thrt'e iM.dies and I>, falls below the point of suj'port, 

M'hens tb*' sphere It rests on the stand E. 

The apparent paradox of a double eonc aseending an 
inclined plain* by its own weight, is produced by the con¬ 
struction of the tone and plane being such that the centre 
of gravity of the cone really doseends, and by its descent 
(ausi*s the cone to ascend the plane. 

Construct an inclined plane of two equal pieces of straight 
win* A C and B C (Fig. 1), fixed at their extremities to 
thr<*e upright pieces A E, B F, and C D, standing perpendi¬ 
cular to the horizontal stand D £ F; A £ and B F being 
equal to each other, and C D less than A E or B F. 

Let U be a double cone consisting of two right cones 
united togctlicr b}' their eircubu* buses. 

If the distance A B or E F l>e equal to or less than that 
between the two vertices of the cone, and the dilferenee be¬ 
tween A £ and C D less than the radius of the circular base 

of the double cone, upon placing the cone near C with its circular base between the 
wires A C and B G it will roll up tho inclini>d plane till its extremities are stopped by 
the upright supports at A and B. 

That the centre of gravity really descends in this case will he readily seen by the 
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dx&gnsn (Fig. 2), vrhxch rcpnwnU an imaginarr section of the inclined plane through 
CD, pcrpendicuiiu' to £ F, represented l»y the lines G‘ O, O D, C D, G' C (Fig. 1). 

Let the circles KL M, K M (Fig. 2) repre¬ 
sent the tu'o positions of the rircular base of the cone 14 

at the commencement and end of its ascent up the 
inclined plane; G and G, the centres of these circles, 
irill represent the positiv>n of its centre of gravity 
at these periods, and the line G the path of the 
centre of gravity during the asieiit; since the 
centre* of granty of ^ 

the double cone is the | 

centre of its circular T . __ 

ba'M*. l!y construe- -_ \ _ I _ '- ^ 

tioa, the angle G' O ' 

I> is a right angle. 

Tlirou^h^C ' 

circle K L M perpen- 
duulartor>'. Then 

if M'be the point where the tinle ^ . „ 

K L' M cuts (J O, G K or X M' will ^ Z' \ 

cvjilcndj’represent the vertical des- / , ^\^ , , _i 

cent of the eentre of gravity of Gu- ^ . j,- — f/ - - - - v --,'*■ 

cone, while the cone itself is ascend- ^ r~~' -_ ^_! / 

ing the plane. And since G N (Fig. -.y* -.- - C' 

2_i is equal to the difference Iwtwetn I 

the two supports A E aiid C D (Fig. _ i D' 

1) of the intlinod plane, in order 
that the cone may ascend by the 

descent of its centre of gravity, this difference must he less than the radius G M' (Fig. 

2) of the base of the cone. 








ft-. 


Fig. 2. 


riiorosiTiON xxi. 

A body fdacfd on a plnnt horizontnl Burfac^ irili stand or fall aeeordiny as the vertical line 
* drawn through its centre of gravity passes within or without its base. 

Let A B C (Figs. 1 and 2) repre-sent sections <if two bodies, by vertical planes pass¬ 
ing tiirough their centre of gravity G, having their bases A B placed in contact with a 
horizontal plane. 

In Fig. 1 the vertical G W passing through G falls within A B, and in Fig. 2 with¬ 
out A B. 

The whole effect of the weight of the body is equivalent in both cases to a single 
force equal to that we^ht applied at G in the direction G W. 

In Fig. 1 this force is cvidoiftly destroyed by the reaction of the plane, and the body 
will stand. In Fig. 2 this force has a moment about the point B, which is not coun¬ 
teracted by the resistance of the plane; and consequently the body will turn round B 
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! till it fidli in luch a podtioii that G W will lio within tho base on which it rcitB. Thia 
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property ia readily shown, 
experimentally, by taking two 
oblique cylinders (Figs. 3 & 4) 
of such lengths, that the verti# 
cal passing through the centre 
of gravity of tho one, when 
placed on a table, riiall fall 
within its circular base and 
the (»ther witliout. The for¬ 
mer will stand and the latter 
will fall when placed with 
their circular basts in con- 
tat t witli the table. 



If the surface on which the bod; rests be inrdined instead of horizontal, the same 


I 



eflect will bo produced, prt»vidod the body be prevontod from sliding down the inclined 

plane by friction or some other force. 

-^ Thus, a loaded waggon passing along an 

t inclined road will not 'jc overturned so long 

as the vertical G A passing through the centre 
of gravity G of the load and waggon falls 
within tho points where the wheels touch the 
road. As soon as the inclination of the road 
becomes so great, or the position of the centre 
of gravity of the load be such that the vertical 
falls with(»ut these points, the waggon will be 
overturned. 

The broader the base and the lower the cen¬ 
tre of gravity of the body, the firmer will bo its 
stability; a waggon carrying a load of straw is 
more likely to be overturned than if it were 
laden with ai^ equal weight of iron or some 
_ ^ other heavy matorial; because in the first in- 

stance the distance of the centre of gravity of 
the load and waggon from the ground is much higher than in tbe latter. 
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Tbe Found tatrer which ia tlto belfry of the oethedra] at Puar is 190 &et high, and 
deriates ixom the perpendicular about 14 feet. At Bologna there is a square tower 
called Garisenda, 134 feet high, and deviating 9 feet from the perpendicular. Both 
these buildings are supposed to owe their inclination from the depression of the ground 
their foundations; and they have not been ovorthiHim because the vertical, pasB> 
ing through their centre of gifivity, still falls within their baso. 

Dosoguliers, in his “ Courst) of £xp«>rimental Philosophy," has the following inter* 
eating obserrations on tlic p«)sition of the centre 
of gravity in annual bodies when at rest, or in 
motion|ma voriuiis positions. ‘‘ When we stand 
upright, with our feet as represented in Fig. 1, 
the line of direction (i. t. the rerlical p<iuiHg 
through Ou tentre of grantg) goes tlirough the 
point C and passes between our feet to D, and we 
may move our heads from £ to F or G, and our 
bodies forwards, l>ac'kwards, or sides-ays os far 
os I \n U, without danger of falling, or stir¬ 
ring our feet, as long as the line of direetii>n 
traverses no farther than 1 A or II H, and falls 
anywhere within the space A B, which in this 
situation of our feet mokes a pretty large baso. 

But if we set one foot before the other, as in 
Fig. 2, a little push sideways w'ili make the line 
of direction (ahich went through C) fall out of 
the base to the right or left towards £ or B; in 
which case a man must fall if he din's not 
quickly remove his feet to the pu.-itioii of 
Fig. 1. 

When we stand upon either leg we must bring our body so much over the f«K»t, 
that the centre of gravity being directly over it, the line of dir<*otion may go 
through tbe sole of it; and in w'alking, the line of dirt'ction must travel through 
every place where each foot is set down, going successively through the points 
E, A, D, B (Fig. 3), while tlie centre of gravity g<x;8 through the prnntst', C, F, 
See., BO that unless a man in walking straight forward seta one foot directly 
before the other, the line of dircetion will not describe a straight line upon tltc 
plane where the man walks, but an indented line; that is, angles to the right 
and left, whilst the body of the man. goes on in a waddling motion. This vre 
sec in the walking of fat people, and all others that straddle in ^eir gait. 
The line of direction going through the points A, B, C, D, £, dcacribes a straight 
line in Fig. 4, where the feet arc act before one another; but when the motion of ono 
foot is in a parallel line with tbe motion of the other, an indented lino is described by 
the motion of the centre of gravity above, and (he lino of direction as it cuts the ground 
at A, B, C, D, E (Fig. 5). 

** It is not strictly true that any man in his common walk sets one foot so exactly 
before the other as to carry on the bottom of his line of direction in a straight line os 
represented in Fig. 4, because if a straight line bo drawn with chalk, it is difficult to 
walk straight along it; but the plainest proof is the observation of two upright sticks, 
of about the height of a man, the one painted white and the other black, and set up 









OP OBATITT. 


89 




Fig. 3. 


Fig. 5. 


about ten yarda beyond ono another, in the same line that a man walks towards them; 

for in such a caae, though he keep one eye shut, the last 
stick will appear sometimea on the right and sometimes on 
dk/ the left of the first; and the more so the nearer the man 

comes to the sticks. Bope-^uoers, inde^ go in a straight 
/ ^ line; but it is what they ha* learned by art, and inured 

aVA^\ thcmsclTes to by long practice; yet they must, even 

/\i \ I ; after all, have helps to keep their 

Vp W \ (W ceiitre of grarity orer the rope. 

C Y ^ JjNvVP- generally keep thmr eyes 

\ n V V w ' onsomedistantpointinthesame 

//l\j ) plane as the rope. They have 

4 i' ' A' 1 r* ® ^ /SH commonly a long pole loaded at 

/I y V Kj the ends with the balls of lead 

^ Qd? B i, by the motion of which they 

\ can alter the position of the com- 

- I I \ _ mon centre of gravity of their body 

/ Xi ij, tv. 1 \ ^ /y\ /*] E and the pole; as, for example, 

-£ D- a"' ^ centre of gravity of the ropc- 

Flg. 3 . Fig. 4 . Fig. 5. dancer C A (Fig. 6 ) being at A, 

his lino of direction should go 

through rt, off from the rope; hut by moving the pole towards B, the common centre 
of gravity of tlie man and polo is 
brought to C, and tho line of dircc- 
tion C D goes through the rope. 

Th'Msc that are well skilled in this ^ 
art wiU .sometimes usi* their anus 

only instead of a pule; and it i.s ... 

very common for several of them to "" 

dance with a flag, with srhich they Cv 7 

Btrik« the air the same way that the A i\' ,■ ]/ 'v/F 

centre of gravity gi>cs when the lino 

of direction does not go through the J { y J jl \ 

rope; and by the reaction of the air fl \ 

tho centre of gravity is brought back // \ 

to its proper place. ^ ^ i ^ ' 

“ The ancients observing that ^ m 
horses and other quadrupeds, in gal- 
loping, lift up their two furo feet, and 
then tlioir hind feet os soon as the ^r# % 
fire feet are set down, did imagine ^ J ^ 
that in walking, as well as pacing * H ^ 

and trotting, a horse has two feet off 7 \i 

of the ground at one time; and ac- Fig. 6. 

cordingly in their brass or marble • 

statues, they have ropresentod their horses with two logs off of the ground diagonally 
opposite—as tho right before and the left behind, or left before and right behind. Tho 
modem atatuarios have also fallen into tho same error, because in the quick walking of 
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{ a hone, ,thc eje cannot well diatinguiah; and therefore BorelU {J)e tnotu ammatinm) 
hM diown from mechanical principlca, that the motion of raising tvo feet at once in 
▼alking cannot be consistent with the wisdom and simplicity of nature." 

** Let us consider a horse as an oblong machine sustained by tlie fi*ur legs, as four 



I tip* • • 

i forward ^ far as TI, which motion of the 


I), (!, 1> (Fig. 7)% which make an>ctangular 
quiidrilaterid flgure; then the line of 
direction will full pcriumdicularly on K, 
a point in or near the centre of the quad¬ 
rilateral figure, which will make Uie 
Btation'or standing c»f the horse the must 
finn. The progn*ssive motion begins Ir, 
one of the hind feet—as, for exiiinple, 
the left hind foot C, which, by stnmuly 
pressing back the ground, moves l<ir- 
ward the eintre of gravity, and eon sc- 
(piently carries on the line of direction 
from E to(» as itwlf moves from C to F. 
This done, tin- f-M>t H i.-i raised and can ic<l 
bot is easy, bet au.se the line of direction fir-.t 


falls within the triangle A B I); secondly, within tlic trapezium .V BT1 >—that is, tlie b «ly 
of the horse is sustained by three or by four eolumns. Lastly, the three fivt A, I*. 1', 
remaining firm, and taking the line of direetitin at G, immedial* ly the left fore foot B is 
1 carried forward to II; and by the impulse already made, the centre «if graiity is also 
j carried over I—namely, the central point of the rhomb A II t 1). The motion ot the 
I two l»‘ft feet being eomphted, tlie impulse and motion of the right hind fiiot I) hegiiis, 
; and then that of the right fore foot, and so on in the manner above described, us i;ie 


I 

i 

I 

( 


I 


animal moves forward. 

“ Ducks, geese, and the greatest part of the water-fowl, whose legs :ir<' .s<t wide asunder 
for the convenience of their swimming, and turning quiek in the wati-r, have always a 
waddling motion upon land; but a cotk, a stork, an ostriih, and most other birds that 
arc not web-footed, walk almost directly forward without waddling (especially win n 
i they w'alk slowly), having their legs so placed as to put one f<«>t before the other with 
j greater case. TTius quadrupeds siddom or never waddle, beeausi' they have eoinmonly 
I three feet upon the ground at a time ; so that however tl* Ikisc receiving the line of 
direction altca^ from a quadrangular to a triangular figure, that jiart of it in which the 
line of direction falls is always in or near the same line." 

“ When a man stands in a firm posture (Fig. 1) A B, the distance of his feet is the 
length of a quadrUoteral figure, whtise breadth is nearly the length of the feet, and I) is 
the point under the centre of gravity C, where the line of direction falls. lx.‘t the lines 
A C and B C be drawn, then let these two lines and 1> C be continuid to the points 
£ F G so as to make tb* triangles EGG and A C B equal and similar, os long as tlic 
line F D (or a plane going through it) cuts the whole body of the man into t**o eipiul 
parts, the centre of gravity will be at C, and C D will be the line of direction. But if 
the body bo inclined towards the left hand H, the centre of gravity wUl move from V. to 
H, the line of direction will becdinc H B, and the right foot being easily removed from 
A, may be carried on beyond B, by which means the man w'ill go on towards the left. 
In like manner, by inclining towards I, the line of direction w’ill be removed to I A, 
and the man go to the right. When a man stands upon one foot it is with some difficulty. 
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For example, let the lino of direction be C D (Fig. 3} ; by the motion of the blood and 
lunge, and other animal motions, tho centre of grarity will be apt to Tacillatc or totter 
towards F or G on either aido about the centre of motion D, where now tho base is but 
small. If the line of direction comes to B, the man must fall forwards, backwards if to 
£; and though A bo under the heel of tho foot, yet in motion of the said line of 
direction from D to A, the body will be apt to go towaru £, and so bring the line of 
direction beyond the base. This will more probably happen in the side motion of the 
iKxly; so that tho body will be in danger of falling, unless tho right foot be put down 
towards that side where tlic body inclines. Birds stand upon one foot much more easily 
than men, because their line of direction being much shorter, and the base of one foot a 
large rhomboidal figure made by the four claws, tho line of direction cannot go out of 
that base, unless tho centre of gravity rises, which is impossible without a violent 
motion.’* 

When a porter carries a burden upon las shoulders, be must stoop, because, if ho 
should stand upright, tho common centre of gravity of the man and burden would be 
so far brought back, that the line of direction would fall behind the feet. 

TROPOSITION XXII. 

.1 heavy hotly rrati upon a horizontal plane, tothe presmrea produced by its iceiffAt 
upon the points of contact by which it is supported, 

TN’licn a heavy body resti upon a horizontal plane, tho pressures produced by its 
\vt igia oTi the points on which it is in cuntuet with the plane can be determined, if 
thc.k.' points do not exceed threu in nuiuhor. Wheu the points of contact arc more than 
I three, the pressure upon each is indetemiinate. 

I If the body rest upi>n a .single jiuint, it is evident that the pressure on this point is 
* equal U> the weight of the body. 

1 "Wlicn the body rests upon two points A and B, as in Fig. 1, where the body is 



f 

1 


•supposed to consist of a circular disc and a cylm- 
ilucal sliik, fixed perju ndicularly to its centre: tho 
pressures on these points may readily be detcr- 

IlUlicd. 

Let G be the centre of gravity of the body 
resting on tho plane. 

This body is evidently kept in equilibrium by 
its weight, and the equal and opposite reactions pro¬ 
duced by the two pressures on the points A and B. 

The vertical passing through G must therefore 
l>a.s 3 through tlic lino joining A and B. 



Kg. 1. 



Fig. 2. 


Tx^t C be the point where the vertical cuts A B; 
the weight of the body acting at G may be transferred 
from G to C. 

Then (Fig. 2 } we bavo two reactions Pi and P 3 
acting upwarcLt, ju'iqH-ndicular to the piano at A 
and B; and n weighty W eqiuil to the weight of tlie 
body acting downwards, and also perpendicular to the 
plane. 


Hence Prop. XI. Pj 4 * Pj* B C = Pi*A C. 


i 

i 
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Two equations from wUcb P] and P.. may readily be determined, when the position 
of the centre of gravity G of the body is known. 

The reactions P, and Fg wUl be equal and opposite to the pressures produced by the 
body at A and B. 

When the body rests upon three points A, B and C (Fig. 3), we may still find the 
pressures produced by its weight on these points. 

Join the points A, B and C. In order that there may be equilibrium, the vei-tical 
passing through G the centre of gravity of the body must fall 
within the triangle A li C. (Prop. XXI.) 

Let C' be the point where the vertical passing through C 
cuts the triangle A B C. 

Join A C, and produce A C' to mcMSt B C in D. 

If W be the weight of the heavy body, we may transfer 
the force W from G t<> C. This force, acting pt*rpciulicoiar 
Rg. 8 . downwards at C, may be. resolved into two forces, Wi acting 

at A, and Wj acting at D, both perpendicular to the plane of the triangle A B C. 

Where W, -f W* = W, and W,- A C = W,- C I). 

The force W, acting at D may again be rcsolvotl into two others, Wj acting at 15 
and W 4 at C, both perpendicular to the triangle ABC. 

Where Wj + W 4 = and W 3 li D = C D. 

From these equations the forces W,, W,, and W^, which will be the pressures 

exerted by the heavy body on the points A, li and C, 
may be readily determined. 

If the heavy body rest on the plane by four points 
of support, as a table on its four legs A, B, C, D, Fig. 4, 
the pressures upon these points will lie indeterminate 
if we consider Gic body perfectly rigid. 

For since it may be supported by any three of tho 
points of contact, the pressure on the fourth may ho 
I either nothing or some finite proportion of the weight Fia- 4* 

I of the body. The method usi'd in the two preceding cast's to determine the pressures 

i will fSsil in this. The only condition wc have is that the sum of the pressures on 




' the points A, B, C and D must l>c equal to the weight of the body; and if wo consider 
) them as weights acting perpendicularly to tho plane on which the tabic rests, the 
I centre of gravity of these weights will He in the vertical, passing through the centre of 
! gravity of the tabic. 

The same reasoning may bo extended to tho cases where tho points of contact arc 
more than four. 

I Tlu» Olock> —^Tho influence of the centre of gravity on tho position of 

I equilibrium of a heavy body, which can only tiUTi round a fixed horizontal axis, is well 
illustrated by an ingenious contrivance called tlic magic clock. 

A transparent glass disl-frce has a hole pierced through its centre at C (Fig. 1); in 
"this is fixed a horizontal axis; on this axis is placed the hour-hand of tho clock, which 
can move freely round it to tho wght or left The extremity of tho hand opposite tho 
pmnter B is terminated by a hollow ring; in this ring there is a heavy spherical ball A, 
capable of moving freely round it This ball is made to move uniformly round the 
interior of tho ring, by a watch-movement concealed in the hand, once in twdve hours, 
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in the (lirectiuu m(Iicat4.>d by the arrow in Fig. 1. The weight of the ball A ia so pro¬ 
portioned to that of tlio hand with its concealed watch- 
work, that as A moves round the interior of the ring G, 
the common centre of gravity of the ball and hand would 
dest ribo a tircle round the centre of the’ axis C, if the | ^ 

hand were fixed in one position. Since the hand can move IH Pl| 

freely round C, for eveiy new position f>f A the hand will I . 

assume that position which shall moke C G vertical (Prop. Jr 

XIX.) jtis A, therefore, is carried round the ring uni- 
fi irmly once in twelve hours, the pointer of the hand B 
moves with the same uniformity round the dial in the 
opp<isit(‘ direction, and indicates tltc hour. 

'I'he ball A, and the watch-movement which caiiscs it ~ 

to turn round the ring, being b<ith concealed, the hand Fig. 1. 

seems to move by itself, as if by magic. The remarkable 

propert}' that the hour-hand being made to move by your finger backwards or forwards, 
when left to it.s(lf, will, after a few nsidllatiuns, resume its position, and point to the 
correit hour, adds eoiisiderahly to tlie illu.^iun. 

Let D (Fig. 2) represent the centre of the ring round which the spherical body 


Fig. 1. 



circulate.s; A^, the centre of the spherical body ; C, the centre of the axis round which 
the hand moves; B, the centre of gravity of the hand and its concealed watchwork, 
cxclush'e of the moveable spherical bod)’; G.j, the common centre of gravity of the 
hand aud spheric.al body. Also, let W represent the weight of the hand and works 
exclusive of the .sphere, whose weiglit is represented by W'. 

1'hen, if W and W’ be so chosen that W • B C = W' ■ C D, the common centre of 
gravity G^ of the hand and moveable sphere will describe a circle round C, if the 
hand be supposed to be fixed while A., describes a circle round D. 

Let A, represent the position of the centre of the sphere, when it lies in B C D 
produced ; G| the centre of gravity of the hand and sphere for this position. 

Join D A*, C Gj, and B Gj A.,.. • 

When the centre of the moveable sphere is in the x)Osition Aj, we have a weight W 
acting at B, and another W' at A„ in directions parallel to each other; and since G; is 
the position of their resultant, wc have (Prop. XI.) * 

W” ■ B G, = W' • Ai Gi; 
bat by the construction of tho instrument, 

W • B C = W' • C D. 


I 

I 

\ 
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TT *B G*! Ai Gi 

F? = CTF- ” 


ILP "h _ a, c — c Gi 

' B c C‘fi 

Therefore CDBC + CD-CG, = AiCBC — BC-CGj. 

Or C G, • (C D + B C) = (A, C ~ C ») B C. 

And C Gi • B D = A, D • B C. 

Or C G, = ° 

When the centre of the sphere is in the position A^ wc haro a weight W acting at 
B, and a weight W' at A^, in parallel diruotiuns. llcnco (Prop. XI.) we have 

W BG, = W'-A.. G.. 

ButW BC’ = W - CD.’ 

A, G., 

c'g’’ 

Therefore Euc. B. vi. p. 2, the lino C G, is parallel to Aj D, and B C G., and 
B D A. are MimiUr triangles; and eunsequcntly 

B C 


TT ® 

Htnce 


C Gj 

A. D 


j,,,orCC,= "C.A,n. 


Hot A; D = Ai D. Ilencc 0 0,= 


The same value whicli we have 


before obtained for C f»,. 
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circ-le buinf^ equal to the product of the radiufl of the circle dcecnbcd bj the centre of 
tlio sphere, and the distance of B from 0 divided by B D. 

When the centre of the sphere is in the position Aj, the hand will rest in such a 
position that C G, shall be vertical (Prop. XIX.), as shown in Fig. 3. When repre- 
Ki-nu tlie position of the centre of the sphere, 0 wUl be vertical, and the hand will 
rest in the position shown by Fig. 4. llencc it is evident that, as the watch-movement 
concealed in the hand causes the centre of the sphere to move firom At to Aj, the 
extremity of t)m pointer of the hand will move through a similar arc in the opposite 
direction round C as its centre. 

Mathematical Detesmiaatlon of the Centre of Orawlty of a Meawy 
Body. —The application of Prop. XVII. to find the centre of gravity of a body of 
unifonn or variable dcn.sity, in most instances requires the aid of the differential and 
integral calculus before wo can arrive at a solution. As this would lead us beyond the 
limits pro]>osed for the mathematical department of our w'ork, wc give some instances 
I if tile determination of tlie centre of gravity of a 
few g<‘oin(‘trical forms and solids of unifonn den- 
Mtv, d(|H'ndnig upon the j'ropoities of the centre 
i'f gravity denion&tratcd in Prop. XIX. 

I'A.VMi 11 ; I.— To fini the eenire of gravity nf a tti- 
nuffuittr plate oj uniform thieknces and density. 

Let A B n be the surface of the ti iangular plate, 

Iioundi'd by two parallel triangular fares, and by 

p.ii .lilt loirrams perpendicular to these faces. 

'liiseet It (' in I). Join A I). 

Thrioigh f> atiy point in A IJ draw b d e parallel 

to It ami cutting A in d. ^ 

Then the triangle A b d by construction is 

similar li» the triangle A B I), and the triangle A d e tt> the triangle ADC. 

, Ad h d , A rf dr 
VI. p. 4, — 



lienee Kuc. It. 
Therefore = 


B 1) 


d e 
D C’ 


A 1) 

but B D = D C. 


b d , A d 
B D’ “"‘1 A 1) 


D C 


lienee b dzuz d e\ and so it may be shoMm that every line drawn through any point 
;ii A B parallel to B C will be bisected by A I). 

Now we may conceive the triangular plate, wlio-se thickness is uniform, to be made 
up of a number of extremely thin slices, cut perpendicular to the surface and paralldl 
to B C. 

Eiieli of these sliees being symmutiical will balance about its centre, and therefore 
every om' of them will balnnci' about a lino drawn pai'ullel to A D, and passing 
tlirough the centre of tlic thickness of the plate. 

The whole triangular plate will therelbn* balance about this lino. 

Next bisect A B in £, join £ C cutting 0 D in H. 

It may bo shoxim, as before, that tlie triangular {date ABC will balance about a 
iine parallel to E C, passing through the centre of the ^ckness of the plate. 

Since the centre of gravity of the plate lies in both the lines passing through the 
centre of the thickness parallel to C £ and A D; the intersection of these two lines must 
be the centre of gravity. 
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H e n ce A point in the middle of the thioknoes oi the plate below G will be the centre 
of grerity of the plate, provided its thickness and density bo uniform throughout. 

To find G, join D £. 

Then becraae A B is bisected in E, and B C in D, 

Therefore £oc. B. vi. Props. 2 and 4, £ D is parallel to A C, and E D = | A C. 
Hence the angle £ D G = angle GCA, the angle at G is common, therefore 
the triangle £ G D is sinular to the triangle A G C. 

Therefore Euc. B. vi. P. 4, 

Or D G = -j-g— = } • = } A O. 

And AD = AG-|-DG = 2DG4*DG=3DG. 

Or D G = J A D. 


ExoJCFLn II.-—7b jlnrf tht etntre of pnmVy o/ a plate af uniform ihiekntet and denaity 
botmded hy parallel plane*, tehoee upper atul loecer eurfaeet are paralteloyranu. 

the parallelogram A B C D represent the upper surface of the plate, A' B’ C* D' J 

the lower; the other boundary planes, 
such as B C C B', being perpendicular l<» 

A B D. I 

Join B D and A C meeting in E, B' D 
and A' C meeting in £'. A C will bisect 
all lines drawn through the ]>arallclograin 
parallel to B D, and B D will bisect all 
aimilar lines drawn parallel to A C. 

Then wo may conceive, as in the la.«t | 
example, the plate as made up of a numlx-r , 
of parallel plates, each parallel to the piano I 
B D D' E, each of which will balance about a line drawn through the centres of A A j 
andCC'. | 

Again, we may conceive the plate as composed of a number of parallel plates parallel * 
to A A' C* C, which will each balance about a line drau'n through the centre of 1) D ' 
and B B'. I 

G, the intersection of these lines, or the centre of £ £', will therefore bo the centre of | 
gravity of the plate. j 

To find the centre of gravity of the surface of any rectilineal figimi, wo have only . 
to divide it into triangles, find the centre of gravity of each triangle, suppose weights 
acting at e ach of these centres of gravity proportional to the surface of the triangle at 
whose centre of gravity it is supposed to act, and then find the centre of gravity of 
these weights, which will be the centre of gravity of the figiuc. 

It will be found on calculation that the centre of gravity of any triangular surface is 
the same aa that of three spheres, or any other body, whose weights arc equal, placed j 
with their centres of gravity in the angular points of the triangle. This also applies to 
% pwallelogram, but not to all four-aided figures. 

SxoicnJB III.—7b JM the eentre of gra/vily of a homogeneem solid of utdfarm density, 
Ufhoee/orm is that ef a pyramid on a triangular bate. 

Let B C D be the bate and A the vertex of the pyramid. 

Bisect one of the eides of the bese D C in £. Join A £, B £. 
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Take E 0, unc‘-third of B E and E G._. one-third of A E. 

Jom A (i, and B (ij meeting in G 3 , G, will be the centre of gravity of the pyramid. 
In A f' take any point e, through e draw c d paral- ^ 

lei to f 1> (uttiiig A E in e, and b e parallel to B C, 

Join b d aiid b c cutting A (ij inf. i 

Then the plane bed i.s evidently parallel to the / 

plane B C l>, and tlju line b c parallel to the line BE. ' / ^ 

ff A ^ 1 \ 

Ilencx-by himilar triangles AEG,, Af/, j—^r —\ 

and by similar tiiaiif^les A 6 A, A E B, — — ^ / 1 Jfla \ 

15 r,« A 3u M 

Th(icfon' but E G, = i B E. / / 

ITcncc . /= 1 ' of b ,. \ y 

Ag'iiii, b. < ;iuse < d is parallel to C 1>. and C I> is 5i I / 

bisecti <1 III K, c if is aB • bisected by A E, 1 / 

y tbi-ul Te i.-> the u litre of gravity of the triangle 
b cd. ' ^ 

III '1 'iii.iljr ni.inin r it may be shown that the centre of gravity of any triangular 
slice oi till- ]>\ laiiiiil painlbl to BOX) tiiiist he in the line A G,, and sineewe n;av con- 
e< i\e the ])M;irir.d iii.-ide iij) of an infinite number uf such parallel slices, the centre ul 
giavity 111 {l!> whi le pyiainid mu.st lie in A G,. 

Ti’ Miiiibii ic.isojiiiig it may be shown that the centre of gravity of the pyramid lies ' 
in the hue l! 11 

(.ii.s i|Ui iiiij,. <1 , tl.e intersection of thv* linos A G, and B G.> will be the centre of ! 
graviti 111 the pN Mriiei. [ 

Join (• it., till n .'inee ]•. G. rz | A E, and E G, zr ^ B E, (r, Gj is parallel to A B. i 
Goiim^mi’ :itl> ill' t'iaiigle (J, (Jj H. is snudar to the triangle Gj A B, and the triangle 
E (1 In tl.i tli.meie 1'. B A. 


G t- G. , G, G. E G, - 
. All == A li' ""■* Ali' = llJi =1- 

Till,ixfiire ^— * and G, G_, =: ^ A G,. 


Gr G, t., — A i 

lienee tlie n i.tre of L'lavity of the pyramid is found to bo in the line joining the } 
vertex and the centse of gravity of the base, at a distance of a fourth of its length. 

EwMi'i.i: IV.— To fi/d (he Centre of Gravity of any VyraMulof uniform density, 

trhosc base is any jHdyyoH. 

Ijot A be the vertex of the pyramid 11 C D E F II its polygonal base. Let G, be i 
the centre of gravity of thi.s base; join A (X,, and in A G, take G^ so that G, G.^ = j A G,. 1 
Gj will be the eeiitrc of gra\ ity of the pyramid. ■ 

Join G, with each of the angular points of the base, through Gj draw the jdano . 
b ede f h parallel to the base, and cutting A B in /v A C in <?, &c., nud join Gj c, 

G. d, icv. 

liOt ffy be the centre of gravity of the triangle B G, C, join A cutting the triangle 
b O., c in 

Then .since the triangle b O.j e is parallel to the Iri.anglc B G, C and 0 , G. = 7 f'l: 


MECHANICAL PHILOSOPHY.-No. IV. 
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I ■ I- I I — iw II 1 ■■ I I I I . . . ^ I 

hcnct* and ia the centre of ^vity of the pyrainiil A U C G, on a tri- 

I aagnlir base G| B C, and it lies in the plane In a nmilar manner it may bo 

shown that Gu' centrea of gravity of every one of 
the triangular pyramids A Gj C D, A Cj D E, Ac., into 
which the vbole pyramid may be divided, all lie in 
the plane betfe/h. 

It follows, Girrefore, that the centre of gravity of 

Gie whole pyramid must lie in this plane. 

Again the plane b e d rf h is in everj* rcs]>ei't siini • j 

Irir to the base, and G^ its centre of gravity will there- ! 

f)rc lie in the line A G,^. In like manner it nmy be 

shown that the centre of gravity of even* Bot’tinn of the 

pyramid parallel to the base will lie in A (i,; hem e the 

centre of gravity the whole pyramid must Hein A fi,. 

Vc hav»' shown, therefore, that the e-ntie of srravit v | 
*1* * I 

of the whole pyramid must be in the plane <■ d t f h i 
j and also in the line A O,. lienee the centre of emvity must be (heir inteise* tit.n J 

The centre of gravity of any pyramid of unib-rm <len.sity on a ptilyg«)nnl ))fe!e, a ill 
lie in the line joining its vertex and the centre «tf gravity of the l»aac, at a distance efjuul 
to I of its length fi»m the former, or j of its length from the latter. 

The above reasoning is altogether indepi'iident of the number of the sides of the 
polygon, and since we may conceive a curve to be made up of an inhnite number of 
I straight lines, or a polygon boundi*d by an infinite number of small &id<-a, the nlsive 
8 <jlutioa enables us to determine the centre of gravity of a cone with a cur\-ilinear liObC. 

Uenc'c the centre of gravity of a right or oblique cfine on any curvilinear b.nise is 
found by joining the centre of gravity of the base with the np<’X of the cone, and taking 
a point in this lino, equal to ^ of its length, measuring this point from the n nlre of 
gra^ty of the base. 

IKaclaiaea.—Any instrument by means of which a force is communioated from t 
one point to another, so os to keep at rest or set in motion a Ixidy acted on by nnotlier 
force, is called a niaebine. The simplest of tliMS instruments ore eordt, and 

hard planes; and these by their c-umbinatioiis form all complex machines, however 
various their forms and actions. 

lu staGcs we onl}* consider machines when the forces acting upon them are in n 
state of equilibrium; motion will be produt'ed by an addiGon to some of the foriiea 
which produce equilibritun. But the discussion of this branch of the subject belongs to 
dynamics. 

For the sake of simpGcity, and to enable us to apply the theoretical princiide.'i we 
have already proved, we consider cords as being destitute of weight and perfeidly 
flexible, rods and planes as perfecGy rigid, inflexible, and without w'eight. AVhen neces¬ 
sary, we can *i>kA the weights of the elementary parts of our machines into consideration, 
by considering their weights as a foree pioporGonal to their weight applied to the centre 
of gravity in a vertical duecGon. 

We also neglect the fricGor of all sur&ccs in contact with each other. It isevident, ' 
therefore, that onr machines will be theoretical ones, which cannot exist in nature, and 
whose properties cannot be stricGy proved by experiment. But if we determine Gic 
rigidity, flexibility, and fricGon of substances composing our machine by experi¬ 
ment, w«d compare the force exerted by a real machine with the force it ought to 
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oxort by theoiy, wo may arriTe at a kno^urlcdgo of the retarding forces produced by 
fnetinn or want of flexibility; and thus by our theoretical knowledge of the com¬ 
bination of machines, estimate the foroca produced by any actual complex machine, th<‘ 
ft ietion or flexibility of whose elements we hare dctcrmuied. (Sec Prmwrr, Temion, and 
Fitxiblc Cordt, i>age 41.) 

BKceliaadcal Fowezs. —The simplest combinations of these machines ore called 
the mclMtiical p^wfi'n. They are usually regarded as seven iif number;—1, the lever; 

the wheel and axle; 3, the toothed wheel; 4, the pulley; 5, the inclined plane; 
C, the wedge; 7, the screw. 

The whtHfl and axle, to<ulied ■v^eel and pulley, may be regarded os modifications of 
the lever, and the wedge and screw os particular coses of the inclined plane. 

Tlie tower,—Th(j Fiiii[ih‘&t ft>rm of a lever is u straight rod, supposed to be 
iutK*.\ihle and without weight, re-ting on a fi.xcd point somewhere in its length, 
iibinit u liich it can turn freely, and having two forces applied at two other points of 
the rod. 


The fixed point on wltich it rests, and nhoiit which it ran turn, is called the fidn-um ; 
Mtie of the foici-s niiplied to it is called the poirer and the other the tceitfht. The dis¬ 
tances of t)ie points of application of tlie power and weight from the fulcrum arc called 
the »niin of the leV4*r. 

There are tliiee kinds of levers, distingnished hy the relative position of the poKCr^ 

Lctfr of the first /:ind .—In tin- l.-ver of the ^ 
fii't ks’id the ptiM iT 1’ (Fij;. 1) and tlie weiglit 
W n-1 in the sajne direction <m opposite sides 



I 


Wl 


Fig. 1. 


of the fuliTum F. A erow-b.ar (Fig 2), by 
m<-ans of which a man raioc-s n lieavy bod\ W 
by placing one e.\treiuity 11 under \V, aiid lesl- 
ing it on an ob>tatle C wliile lie jiressos tlie 
e.xtnnnity H, is an instance of a ]e\er of the 
lir.-it kind. 

A pi>ker is another. In thi.s c-ise the coals 
form the weight, tin* bar of the grate the ful- 
I rum, and the hand the 
l»ower. 

The spade is a lever; 

(he ground against which 
i( is pressed when the 
handh* is depressed, in 
Older to turn up the earth 
in front of it, being the 
fulcrum. 

Scissors and carpen¬ 
ters’ pincers are examples 
of double levers of the Hg. 2. 

first kind. 

I,etvr of tite second kind.—-In the lever of the second kind the power P (Fig. 3) and the 
weight W act in. opposite directions on the some side of the fulcrum F, the weight being 
nearer to the fulcrum than the ]}owcr. 
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A ottttiiig-kiiifc (Fig. 4} and on oar are inatanct'a of lovers of the second kind. In thu : 
y case of the oar, the arm of the rower is the > 

power, the prowuro of the oar on the side of the 


p£j2i? 






■=*4-aidbg!ii r iM rn i i M . >^jtai| 


Fiff. 3. m Fifr. 4. 

boat is the weight, and the point of the blade of the oar, which is for a roonu-nt ntn 
tionary in the water, forms the fiileruni. 

Nutcrackers give a good illustration of /n. 

a double lever of the second kind. 

Lt'rrr of the third kind. —In the lover of / M 

the third kind the power P (Fig. *5) and the / I , 

weight W act as in the second kind, in op- | ftii/ ) 

posite directions on the same side of the Pi ^ 

fulcniui; but in the third species of lever 

the i>ower is nearer the fulcrum than the \ / 

weight. ^ --- 

Most muscles in animals are generally T ^ 

inserted near the joint, as in Fig. 5, and net j 
as levers of the third kind; the joint forms , 
the fulcrum, tho limb which the muscle 4 
moves, together with any resistance opposed 

to its motion, represents the weigh t, «'h ilc t he BJ rig. 5. 

force exerted 

tionof themus- 

of the third fig. o. 

kind. 

A pair of tongs, or a pair of sbecp-shcart, afford familiar instances of donble levers of 
the third kindi 
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Fig. 2. 


PEOPOSITIOX XXIir. 

n find th« CandiiwM of Equilibrium and the Freuure on the Fulcrum when two Parallel 
Foreee act in the eame plane on a etraight lever. 

Let P ftnd W be two parallel forces acting at A and By on the atroiglit lever A B 
whose fulcrum is F in each of the three 

kinds of lovers. ^ -- - f. y ^ 

And let A P and W B (Figs. 1, 2, X A X 

r.nd 3) represent these forces in iaagni> tX X^ 

tiidrt and direction. p 

In order that there may be equili- 
brium, tlio resultant of the two parallel Fig. 1. 

iWreos must pass through F, and the 
jirossurc on ^at point will bo equal to X^ 

t licir resultant, and this will be destroyed ^ X _ B F 

by the resistance of the fulcrum. ^ 

The proposition is therefore reduced X 

to the case of Prop. XL, which we have X 

already demonstrated, and from this 
wc may loam that the pressure on F 

will be equal to 1’ -4- AV acting in a di- Fig. 2 . 

reetion parallel to P or W. 

.Vnd also that P • A F =: W • B F or ^ 

B F . X 

— Ill cverv case. X A P 

- A F ^ 

From this wc find that in the lever 
of the first kind, the power may be less 
than, equal to, or greater than, the 
weight; in the second kind the power 

id always less; and in the third kind Fig.3. 

alwoys greater than the weight. 

In the preceding cases wc have supposed the lever to be without weight; we shall 
show how to take the weight of lever into consideration in the eases of the balance 
and steelyard. 

PKOPOSITION XXIA'. 

To find the Cbnditione of EquUihrium of Uco Foreee aeting in the eame plane on a Bent 
Zcvei'f when the direetione of the Foreee are not Parallel. 

Let A C B bo a bent lever consisting of a portion of a plane rigid body, aupposed to 
be destitute of weight. C the fulcrum about which the lever toms. 

A and B the pointa of application of the two forces represented i& magnitude and 
direction by A P and B W. • 

Tho effect of those forces will be to produce a pressure on C; and when there is 
equilibrium, this pressure must be destroyed by the reaction B> of the fulcrum C, repre¬ 
sented in magnitude and direction by C R • n-r 

I.et, a and E bo tho angles which AP and BW produced; make with a line C X 


Fig. 3. 
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I drawn ttiToufrh C at right angles to the vertical 0 Y pasaiog through C. 9 the angle 
C R makes with C X. 




R and 9 are twn unknown quantities which we have to determine ; llirough C draw 
C E and (! D jicrpendieular to A R and R i d. 

We may regard our lover as a rj^i-l b-«iv ki-jit in eqnilihritim hy the three foM'S 
1*. W. and U. Resolving these forre-* into furc.s ]tarallel !>• (’ X and ('Y, X, and \ , 
heincr the n.*solved parts of P, Xj and Yj those of W, and X. and Y ^ those of R. 

Taking moments about C, we have hy Prop. XVHI. tin- loilowing emulitions <f 
oqnililirium 

(1) X, -4- X, — X| =: 0, or ll cos 9 -4- W vos 0 — P cos o = 0. 

(2) Y”., — Y", — Yi — 0, c»r 11 sin 9 — AY bin 0 — P sin a == 0 
And (:{) P' C E — AY • C It = 0. 

From this last equation wo obtain 1* ■ (’ K = AY • (.' I), or 

P r 1) l^crpendietilar on di rec-tion o f AA' 

W ClR Pcipendic-ular on din-ction of P 
From equations (1) and (2) we can determine R and 9, and eonscquently the magni¬ 
tude and direction of the pressure on the fulcrum, which will be eqtial to R, and act in 
the direction opposite to C R. 

Transposing equation (1) R cos = P cos a — AY eoa 0. 

„ „ (2) R sin ® = P sin a -4- AY sin 0. 


Dividing one of these equations by the other, we Imvo 

tan 0 = I— ■*-which determines 9. 
P cos a — A> cos 0 


Or, adding their squares, we have 

Rs (f■osad-^.Bin*d)=P‘ (co8*«4-ain2a)-fW»(co8=^4-8m5^)— 2PV (cosocos^—sinosin 0). 

40 

Hence, Trigonometry, page* 29G and 304, 

R* = 1*2 4- AY2 — 2 P AY cos (o + 0), 


which determinos the magnitude of R. 

If we had supposcid B instead of C the point of application of the ftilcrain, and taken 
our moments about B, wo should have had 






TiiK BALi^CK. ' 


103 


I 

F_Porpendicular onjlirection of 11 

I K Forpendiciilar on direction of P * 

i TIencc the condition of equilibrium in a IcTcr of any kind, U that the power must be 
: to thf weight iitrersely as the perpendiculars drawn from the fuleritm on their directions. 
j The bent b-ver evidently includes the straight one, os in tho latter case A, B, and C 
’ arc in the same straight line. j 

I ^ The Bent-leTev Balaace.— ^Tiio bcnt-Icver balance is a machine which, within 
! certain limits, enables ns to weigh substances with- 
j out tlic* use of weights; it consists of a bent lever 
i whose two arms are A C and B C, moveitblo about a 
, fulrnim C. The fulcrum C is fixed to a stand which 
[ carries a grad»iatt‘d arc; over this art* the extremity 
; B of the lever moves as C B turns round the fulcrum 
C. From tiu* other extremity A, a scale-pan E is so 
. Bus]>eiided as to have its centre in all po’sitious of 
the lever in the vertical passing througit A. 

I A weight 1> is fixed to tlie nrin Cl) so as to 
' bring the centre (»f gravity of llic whole lever and 
scale-pan to some iwint below the fulcrum C. the magnitude of this weight is so | 
arrangeil that tbe extremity B of the h‘ver shall point to zero on the graduated arc, i 
: when the sc'nle-pan is empty and the lever in a state of equilibrium. j 

I To graduate the arc, weights of I, 2, ;J, iScr., pounds or ounces, or whatever denomi- 
I nation of weight the instrument is inten(.le<l to indicate, arc placed successively in tlie | 
! scab-pan ; and Ihe corresponding {>oints of the arc over which B rests, ore marked on | 
1 tlio s< ah* ns 1, 2 . 3, &r. 



Tills balancv is of great use for dt-tcrminlng quickly the weights of bodies where 

extreme nicety is not essential. 

|F To explain the graduation of this 

balance mathematically, 

Irft C be the fulcrum of the lever, 

A C and B C its arms; let G in B C 
bo the centre of gravity of the whole 
lever, exclusive of the scale-pan and 
wire by which it is suspended. Let 
W represent this weight, and let 
C A = 0 and 0 G = A Also let 
S represent the weight of tho scale- 
pan and wire by which it is sus¬ 
pended, Fthat of a body placed in 
the seole-pon. 

Let 0 be the angle C B makes 
with a line D C £ drawn throi^h 
C perpendicular to C F, tho vertical passing through C ; fi tho angle A C makes witii 
DC E. 

Also let a = B C A bo tho angle the arms of thcTcvcr make with each other, and 
let a' = 180 — o, and let D and E bo the iwints where the vertical linos passing through 
j A and G cut the line D C E. 

Then Prop. XXIV. (P 4 .S)CD = W- CE, _ 
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W (P 4-6) •CM^=:W‘lco6#, 

but $z=z90 — 9 4- •* =00 — (9 — s'); bonce cot ^ =ttu (9 — a). 

Therefore (P 4- S)tf ein (9 — «’) = Wt coe 9, 

or (P 4* 6}a {sui9cosa' — coe9sm«'} = Wi cos 9, 

. . . _ m 

and tan 9 cos a — sin a = /n , 

{tr s>)« 

V • 4 

or tan 9= 4. tan a. 


wa »sess if 70* i p —j— aeaaa w • 

(P b}a coa a * 

Hence if ire uish to graduate the are for pounds, we must talcc P succcesii'cly equal 

W • b 

toO,l,2,3,d:c.,poands,inwhichcaBetaa9 willbesucocsstTcly equal-; -f- tana', 

W4 , . W4 ... W4 " . 

/S _1_ ^ •» /S •I'ln r-fM -• » /S _ 1 _ 4* bin a, &c.. 


(S 4- 1) e cos a ^ * (S 4- 2)« cos a --- (S 4- 3)tf c os e' * ’ 

where W and S represent the weight of the lever and 8cale*pan in pounds. 

TIm OnmaOfi Halnnrn,—This instrument is p(q>ularly called the nrales, or a 

pair 0 / «ra/<e«, and is perhaps more fre- 
qucntly used than any uUirr firr dctcr- 
Tjfl y mining the weights of suhstauoes or 

^ ^ goods. It consists of a lever supported 

^ on an axis or fulcrum equally distant 

¥ from its two extremities; under each of 
fm R these extremities a dish is suspended, in 

‘ II one of which the substance to be weighed 

; r £ ■ » i \ is placed, and in the other the weights 

; ! t f ;M t ’ \ which its value is determined. 

* ; t / 1 \ lever is so cunstnieted as to bo 

I j ; I ! \ capable of moving on its axis in a ver- 

I 1 / r t plane; and when a given weight 

f i I / 9 \ ^ placed in one dish and a substance 

equal in weight to it in the other, after 
vibrating some little time, it nsstuucs 
a horizontal position. )iVhen a slight 
excess of weight is added to cither dish, the lever again vibrates and assumes such 
a pontion of rest that the extremity above the dish containing au excess of weight over 
the other, lies bdow the horizontal line. The lever is called the beam ; and the two 
dishes, tealt-pema. 

There are three requaites in a balance:— 

Jiirst.—>When equal weights are placed in the scale-pans, the two extremities of the 
beam should rest in a perfectly horizontal line. This is called its korLmtalittf. 

Second .—On the slightcet addition of weight to either scale, the beam should lose 
its horizontal position. This is called its •entibUity^ and is measured by the smallest 
weight which cauaee the beam to depart firom its horixontalUy. 

Third. —After any disturbancertho W"* diould assume a state of rest as speedily as 
possible: this is caUtfd its sto4^*Vy. 

We ■bull now proceed to consider the mathematical conditions which must be satis¬ 
fied, in order to obtain these requisites; for this purpose we must first conilno our 
attention to the construction of the beam. 
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A B rt‘pn»cnt tho beam, 6 ito centre of gravity, and C tbe point on which ita 
axu or fulcrum is supported. 

Join A B, and produce C G to meet 
A B in tho point D. j ^ \ 

To secure tho horizontality of tho 
beam, the points C and G must not coin- 

cidc, for if they did, from the properties ^—- P ---- 

of the centre of gravity, we should have 

indifferent equilibrium, and the beam, either by itself or when loaded at its extremities 
with equal u'cights, would rest in every position in which the line A B fnight be placed. 

VThen C does not coincide with G, by Prop. XIX., and the beam is at rest C G 
will assume a vertical position; hence in order that A B may be horizontal, C D must 
be pcrpcndictilar to A B. In order that this horizontal position may be that of equi¬ 
librium when equal weights are suspended from A and B, we must also have A D B D. 

The axis C is generally a prismatic piece of metal, which pierces and also is firmly 
fixed at right angles to the beam. This prism rests on ono of its edges, technically 
called tho kitife-i d^e, on a plane or curved surface, so placed as a support on each side of 
the beam, that the edgo or line of support about which the beam oscillates is horizontal 
and perpendicular t<i tho plane in which it oscillates. The axis might be a cylinder 
or cone working in a socket, but the Icni/e^edye is generally preferred, in order to avoid 
friction ns much as possible. 

Tho conditions of horkontaiU^ given above require, therefore, that the plane passing 

through the line of support and the ecu- 

^ _ C ^ _ T tro of gravity of the beam shall be at 

\ right angles to, and also bisect, the line 

' Q 0 passing through its extremities, or the 

V points from which tho scale-pans ate 

tv- \ suspended. 

2 > —-- —--- ^ ffg determine the other two condi- 

tions, retaining the same letters as be- 
^ fore, let two unequal weights P and Q, 

represented in magnitude and direction 
^ ^ by A P and B Q, be suspended from A 

"V sT B. 

Let 9 bo the angle A B makes with 
the horizontal lino /»' drawn through 
' ' p the point D, and let p q cut A P in jp and 

AQ in^. 

Through C draw p q parallel to p' q\ and cutting A P in and A Q in Let W, 
represented in magnitude and direction by G W, ho tho weight of the beam and its axis, 
and let the lino G W cut j in it, p q' in to'. 

AleoletAD = DB = a, CG = AandCD=:c. 

Since C D is at right angles to A B, and • is the angk AB m^es with the hori¬ 
zontal line p it will also make tho angle 9 with the,vertical line 4p G to’. 

Also because pqu parallel to pq' and P p, teWaniq^tn parallel to each other, 
pw=:p tv', and qto=zq'w’. 

Taking tho moments of the tluee forces P, Q, wid W, about the point C, we wall 
havo, a# a condition of equilibrium. 
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, 'VVCir + Q-Cy=:rCi». 

But C y = C tff + «• y r= C If «r' y' 

=: C IT -j- «•■ 1) 4" By' 

= C G sin 0 -I- G I) »in 6 -f* D B cos $ 

= 0 sin 0 <4- (c — //) sin 0 -4- fl cos 0 
= r sin 0 -4~ 

Again Cpzszptr — Cwz=:p' w' — C ic 
= />' D — M’’ D — C If 
== a cos 0 — (f — £) sin 0 — i sin 0 
= a cos 0 — c sin 0. 


Als>i C tr = 0 sin 0. 

Substituting these values of C y, C Pt and C «• in the equation W • Cif 4“ Q ‘ Cy 
• C p^ we have 

W * 0 sin 0 •4' Q 0 4* ^ B (u cos 0 — c sin 0). 

Dividing both sides bj cos 0 

W • 6 tan 0 4- Q (<’ 0 4*«) = 1* (« — «• tan 0); 

Or (W4 4-Qc4.rf)tan0=(r —Q)u; 

And 


tan 0 
1 * 


w 04. (1*4-0) f- 

Now the unsihilitp of the baljince for a given dilTcronec of 1* and Q will ix* ptvater 
the greater the angle 0; also for a iriven value of 0, the sensibility will be gn a^t-r the 
smaller the diirerence between 1* and Since ton 0 is gruater, the greater the angle 0, 

it follows that i* * measure of the sensibility of the balance. 


Ilenco the greatest sensibility will be attained when ——- i-* as great, 

" ® 4" vt - 4 - U) c 

or y. * as small as possible. 

a 

In making this calculation w*c have neglected the friction of the edge of tlic fulcrum 
on its supports, which will have a tendency to diminish the sensibility. 

In instruments where great accuracy is requirdl^ such as chemical, philosiqiltiral, and 
assay balances, this inction is diminished as much as {Xissiblc by making the knife-i-dgu 
of the fulcrum of hard polish(>d su'd, and the support on w’hich it rests a plane of polished 
agate. Having thus obviated the diminution of sensibility due to this friction, it ap¬ 
pears from the above expression for the sensibility of the balance, that it will be greater, 
the greater a is and the less AV, and e arc. 

We must, therefore, make the beam as light and as long as we possibly enn, and the 
distances of G and D from C as small as may be consistent w*ith otlicr conditions. 

The scale-pans and the cords, or apparatus by which they arc suspended, must also 
be made as light oa can be, compatible with the uses of the balance, as they increase the 
values of P and Q, w'hoso sum is an element which diminishes the sonsibility. 

When equal weights act on A and B, tlio extremities of the bi^om, its stability is 
measured by its tendency to resume a state of rest, after its equilibrium has been dis- 
fbrbed. This tendency will depend upon the magnitude of the sum of the moments of 
the forces, about the point C, for any given position of tho beam; «. e. for any particular 
value of 0. 

Tho sum of tho moments of the throe forces P, Q, and W about C when A B is in¬ 
clined at an angle 6 to the horizontal, or C D at the same angle to tho vertifial, will he 
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W-Ct£»+Q-Cj —P'C>; 
or AV & sin 9 -f- U (0 sin 0 4 * ®) (® ® — 0 sin 6 ). 

'Wltvn 1* and Q aro equal, this expression becomes 

■\V & sin 9 <4* ^ ^ ^ 4* ^ ^ > 

or (W • J 4. 2 1* • r) sin 9. 

'VV'bcn 9 is zero, sin 9 is also zero, and this expression becomes the same, or the sum 
! of the moments is zero, which it must he in order that there should be equilibrium, 
liut for any other finite value of 9, the magnitude of the atahilit^ will be greater, as ! 
W • /> + 2 F * c is greater; that is, as TV, F, b and e arc greater. 

Those conditions are contrary to those required for mttUtUiii/f wUlch for any given 
vuluu of a, demand that W, P, b and c shall he as small os possihlo. 

Hence, while the arm of the balance remains of the same length, any increase of 
I i-fnf' hilitij is made at the espenw of its hiability; hut tlio quantities b, c, W and F 
j rtiiiainlng the same, we may increase the aensibilify without injury to the stability b}* 

I inen asing a, or the length of the arm of the balance. < 

TV}ut*‘ minute diffiTcnec? of weight are not matters of importance, and quickness of 

- det( rniination essential, as in weighing substances rapidly, which are not of great value ' 
I ill j.rnportion to their weight, atabiiity is of more importance than sensibility. The ' 

icvr rso, however, is the case where the siihstanee is of great value in proportion to its 
wci'.rht, or where extreme accuracy is required. 

1 In all that has been said, it mu.st he roinemhcn'd that the weight P includes that of 
i the "'ealo-pan, together with the apparatus hy M'hich it is suspended. 

! 'I he st-alo-pan must he so suspended that its centre of gravity, as well as that of the ’ 
I weight or substance placed in it, may he exactly in the vertical lino passing through 
the t .Ktremity of the beam, from which it is suspended. From the mathematical ex- ' 
{ pre.»ions given above for u-ibihty and atabiiity. both depending upon F, it follows that 
! till- 'anic balance will have liitferent degrees of these qualities according os it is used ' 

- for dt'termining greater or loss weights. The quantities of substances which are used I 
I in philosophical or chemical balances being generally very small, a balance which is 

very' •^tmihh when no weight is placed in tlie scales, will be of almost equal arnaibility 
for ( very weight with which it is intended to be u.scd. ' 

needle is usually fixed to the beam in the direction of the line C G, which points 
Vert’'-all j' upwards or downwards when the beam is in a horizontal position. A graduated \ 
are < r scale attached to the support of the balance to indicate the ares described by the j 
extr>-mity of this needle, as the Iw'am oscillates, is a very convenient addition. When , 
G i-< verj- near C, the oscillations will be very slow; in this case, the equality of the j 
weishts in the seale-pans may be ascertained by means of the index-needle, before tbo j 
halaiico comes to a state of rest. When the weights are equal, the extremity of the J 
needle will describe equal arcs on both sides of the vertical line; when they arc unequal, 
the scale which preponderates will be indicated by a greater arc being doscrib(*d on that ■' 
side than on the other. This method renders aUxbUity of much leas importance than 
Seiixihility. 1 

Where great accuracy is required, the Jurors for Philosophical Instruments in the 
Groat Exhibition of 1851, in their Report, recommended the disuse of thislongindex-needle, i 
almost in contact with the graduated arc, and the substitution in its place of a graduated j 
arc attached to one end of the beam. This arc is viewed through a fixed compound micro- ; 
scope, having a horizontal wire in the focus of the eye-piece; or by a mirror attached i 
to the lieam, in which the reflected imago of a scale is viewed through a telescope. j 
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In TC^ aecurmte instrumente tho acalc-pans are suspended frum steel knife-edges 
resting on agate planes fixed to tbo extremities of tho beam. The balancn should be 
constructed as much as possible of brass, as ^eol and iron are apt to acquire niagnotio 
properties. Palladium has been used for the oonstruction of the beam, and platinum is 
to be preferred for the scali^pons. When glass scale-'paas are used, care must be taken 
not to excite their electrical properties; a difibrenceof half a grain may be produced by 
merdy cleaning one of tho glass scales with a dry silk handkerchief. In constructing 
the beam, care must be taken by making it hollow, or if sdid by cutting out portion! 
of it, to secure the greatest degree of lightness with the greatest length of arm, which 
is compatible with its rigidity, or the rontentiou of its form, under all the weights to 
which it is intended to be subjected. 

All very sensitiTo balances have a contrivance by which the knife-edges which 
support the beam and scalo-pana arc lifted firom tho planes on which they play, when¬ 
ever the instrument is not in use. The knife-edges arc thus presetrved from iH'coniing 
Idunt, or wearing the agate planes, and tho beam is freed os much as possible from 
every strain which would tend to altcur its shape. 

In addition to all these precautions, the balance should be enclosed in a gloss rose, 
for its preservation from dust and injur}-: to prevent error from the a(<tif>n of currents 
of air, a window at the ride afibrds the means of introducing weights and the substance 
to be weighed, without removing the case. A cup containing quick-lime, or some other 
jiowerful absorbent of moisture, should also be kept within the case. 

Ramsden constructed a balance for the Itoyal Society of such extreme netinihility, that 
when weighed with 10 potinds, it turned with about the thousandth part of a gram. 

From the above description it is manifest, Uiat the construction of a pi-rfect h.ilanco 
may be regarded aa impossible, though one may be nearer than onotlier to pi-rffction. 
Borda invented a very simide method, by means of which very accurate resuU.s may 
be obtained by a balance sufficiently searirice and wcll-eonstrueted on its knife-edge's, 
though the points of suspension of the scale-pons may not be equidistant from its fulcrum. 

Ilia ingtmious <li<vico 
is to weigh the article 
whoso weight is to lio 
determined by wciglits or 
any otlier substance, such 
as sand, placed in the other 
scale: when equilibrium 
has been thus obUiiucd, the 
article is removed and re¬ 
placed by weights until 
equilibrium has been again 
restored. These latter 
weights determine that 
of the arUelc; and thus 
any error arising from in¬ 
equality of the arms of the 
balance is eliminated. 

This balance consists of on iron or steel 



StMlyurd or Bol rne o, 

lever A B, with unequal arms A C and B C resting on a fulcrum with a knife-edge at 
C, which plavY on a pivot passing through a support hold or suspended by a ring, ns 
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shown ill Fig. 1 , Tho substance F whoso weight is to be detennined is suspended from 
the point A by a hook, while a constant weight Q, called the eounUrpoiae, is attached to 
a ring D, w’hich can be slipped along the longer arm C B. The edge of the arm C B is 
so graduated that the point D at which the counterpoise Q suspended from it balances P, 
determines the weight of the latter in pounds and ounces, or any other convenient 
denomination of weight for which the steelyard may have been graduated. 

Tlie steelyard is sometimes furnished with a second fulcrum and apparatiu for its 
suspension, nearer to A than C; the position of the lever is then inverted, and another 
graduation on what was before the under edge of the arm B C, gives the weight of P 
for tho new position of the fulcrum. Tho same instnunent has thus two different 
ranges of weiirhui for tho samu counterpoise, the fulcrum nearer to A being used for 
BuhstaiueH lying within a range of weights greoter than that for which the other is 
graduated. 

To Crmhtaie the Homan Steefyord. —Tho Homan stecly’ard may bo regarded as a 
heavy lever with unequal arms resting on a fulcrum C. 

F-t t A\' Ik* the Weight of the lever and the hook or scale-pan by which P is suspended, 
G the i)o.«itioii of their joint centre of gravity, Qrthc w'cight of the counterpoise, together 
with the ring and chain by which it is q ^ C A 

8U.«pet»le(l from 11 C. ^ | ^ 

The steelyard may now he con.sidcred I 

as a !■ vt i withoiif weight, whoso ftilenim v 

is C 'Fig. aet<-d »m hy three parallel ’ ^ 

and vtiiital lore* "!, P, W' and <1, at the ^ o , y 

point'* (I, and 1>. rcprcsc'nted in mag- ' “* ” 

uitiidi- and din eti'in bj’ the line.s A P. G "W, and D Q. 

■WTk n ihise forces produoef equilibrium, taking moments about the point C, we hare 

r • A C = w • G C u • C D. 

llei.'-e, tiaii'-posing, wc have 

(iCD = PAC — W-GC 
P "W 

orCP = J^AC — -"-G C. 

Now hi r>,. D.j, D 3 , Di, &c. (Fig. 3), represent the distances from C at which 

Oj P- P# C P A of one, two, three, 

---tjt- 1 : ^ four, &c., pounds, or any other ! 

l’i». 3. unit of weight for which the ' 

steely aid is to ho graduated, suspended from A ore respectively balanced by tho coim- 
teriHiise ( 1 . 

Suhstitiiting, thercfiirc, for P the numbers 1, 2, 3, 4, &c., and Dj, Dj, D 3 , D^, &c., 
for I) in the above equation, wc have j 

cr., = \£-|oc I 


C P3 = 3 


CD, = 4 


W 

—-J^GC, &c. 
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In A C take a point B suck that B C = ^ G C, and make B I>j = where Q 

repicaents tiie weight of the (^unterpoiac^ in the saoie unit which i« cboiicn fur tiie 
graduation, then make 1)| D, = B 1)„ O 3 D, = B D|, I), D 4 = B D„ kc. I>„ JJ,, 

Dji, D 4 , &c., will mark tlio points at which the counterpoiio U will balance w'eigliu of 

1, 2, 3, 4, &c.y pounds 8 us{K<iidcd fnim A. 

A r w 

For C Di B Di — B C = ^ G C. 

'* * \ C W 

CD.=:BDj — BC = 2 BP 4 — BC = 2 ^ — 

C D 4 = B D 3 — B C = 3 B D, — B C = 3 ~G C. 

C D* = B D* ~ B C = 4 B Di — B C 4 G C. 

When the instrument is s ' constructed that the I'cntrc of i;ia\ ily t '> of tin; Cird 
and scale, or hook, lies in the vertical line passing tlirou;;h I’, ihc 4 uantity B f (jr 

G C becomes aero, and the points of graduation arc taken at equal iuterralH from (\ 

CJ f 

ThW 8 t«el 3 raxd os Balnnoe.—Thisinstrumt ntiliffrra from the 

steelyard in these rcsT»e« ts, that the c»*\n>! r- 
® I p«iis<- is fixed at «■:»«'of its extremities, A\;,ile 

" the fiilyium is iji>»veable. The edge of The 

WT stet lyiird is grii luated, and the p >int at 

' • W'hieh the fuleiiini is pl.iccd to cause the 

' P fixed counterpoise to balance the sub»ta!iv<- 
wh*> 8 e weight is to be determined, marks its value. 

To Graduate iht Danhh Steelf/atd .—Let B, W, (i and th< straight lines P A, G W. 
and DU reinoscnt tlic same forces in this case, ns in tli:it of tie Jtoinan steelyard , in 
instance, hoa’cver, it is C and notD which is the moveable i.-uiil. 

Then taking moments of the forces as before, about the [M>int (', wo have 

r • A C = W ■ G C + U • IH’ 

= W (A G — A q 4- U (A 1) — A V). 

By transposition CP + W + U) A C = W • A G + Q • A I); 

i r - ^ + G ' A D 

or AC— . 

Let C„ C-., C 3 , € 4 , &c., represent the points at which 1 , 2 . 3, 1 , &c., pounds will be 
balanced by the counterpoise when the fulcrum is placed under those points. IIciico 
substituting €„ tb, C 3 , for C, and 1 , 2, 3, 4, Ac., for P in the preceding expression, 
we have 

i r _ W • A G + U • A D 

. _AV • AG -ft; • A D 

A Lj — 

WAG + Q- AD 

ACj— 


Aq = 


W • A G -f Q • A D 
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Thu rfctprocala of thcso quantities arc in arithmetical progression^ and tiiercforo the 
(listancuM of the points C)* Cj, C 3 , O 4 , &c., from A will fom an harmonieal progression. 

The Balance of Qnintens. —This iMdancc, named after its inventor Qumtenz, 
is frequently employed on railways fur determining the weight of luggage, and affords 
u good example of a combination of levers. It is represented in Fig. 2 . Fig. 1 is added 

^ 1 - K for the purpose of showing its 

~ mechanism more clearly. A 
I ij platform A B on which the 

I ^ ^ which we wish to be 

I m ^ M'eigbcd, is placed, is fixed 

I I ^ P firmly to an upright piece of 

I E ^ 0 framework BO. B C again 

I I ^ attached rigidly to an ob- 

% P 'm P lique piece D C fi-xed in D, 

A I m ^ as shown in Fig. 1, so that 

I p—^ the whole portion A B C D 
fonns one rigid and inflexible 
1 in-*• body. This rigid piece ABC D 

is supported at E by a knife-edge fulcrum, resting on the bar or lever F G, and at D by 
a rod il K, u Inch is firmly fixed to D, and suspended by a hook at K from the lever L M N. 





Hg. 2. 

Tlie whole weight, therefore, of Q and the framework A B C D rests on the points 
E and K. 

The lever F O is supported by a fulcrum at one extremity F, while the other 
extremity G is suspended by a rod L G, hanging at L from the extremity of the lever 
L M N. 

Lu.stly, the lever L M N is supported by a fulcrum II, which is fixed to the frame- 
* work of the machine; the extremity N of ^s lever has a scale-pan suspended firom it, in 
which Weights may bo placed. 

Tkf 1 P O' 

The points £, L, and K arc so chosen that p-jg- 

To avoid the consideration of the weights of tho various parts of this machine, we 
will suppose that the weight of tho scale-pan and tho length of the arm M N of the 
lever L M N have been so chosen, as to produce an equilibrium of all the parts of the 
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m ach ine , and to keep L M If in a poifcctljr horixoatol poaition, when no weight is 
placed on the platform A S. 

To determine the weight P, which must bo placed in the acalo-pim suspended from 
N to balance a substance of a given weight placed on the platform AB, wo will examine 
the conditions of equilibrium for the several parts of the machine. 

^ 1^ M N liCtthcweights 

C I " I P ond Q lx* repre- 

\ I I Eonted in niagni* 

\ tude andtlircction 

N > 'R. bv X P and S Q 

\ (Kic. 3) 

I \ The weight 

of the substance 

A i _ *_ Si I \ plarttl on the 

r - 1 -- ^ \ platform A B bc- 

? I ® \ ing equal to a 

j ^ single force S (i 

VRi ng.i. pa«sinp through 

tio* vertical wliith 

passes through its centre of graa-ity, will l»c baliuiccd by the react i<,»n of the pres- 
Buro B, which it prtxluccs on the fulcrum E, represented in magnitude arul direction 
byE Bp and the it'aclion B, of the tension it produces on the rod UK. 

The pressure Bi of the fulcrum E on the lever P G is kept in equilibrium by the 
reaction of the pressorc it exerts on the fulcrum F, and Uio reaction II, of the tension 
it produces on the rod G L. 

Finally, the lever L M X, resting on the fulcrum > 1 , i.s acted on by throe vertical 
forces P, B^ and B3, acting on tlie points N, K and L. 

For the equilibrium of the rigid body A B C II we have as a comliti m 

Q = R, + B,. 

For the lever F £ G taking moments aiwut E wo havo 

RjEFrrBaFO. 

Or B| = B3 * 

Lastly, for the lever L M X taking moments about M wc hare 

P • M X = R, • M K + B3 • L M. 

L M F O 

— i? 1? ^7 construction of the machine. 

A JL JCi if 

Hence P *^J = R* + B3 |^, = im-Bi = Q. 

Q“ M N* 

If M N be taken ten times as long as M K, wo havo M X =110 M K and 
Q = 10 P ; and in this csso a weight tho tenth part of Q, when placed iu the scale-pan, 
win produce equilibrium. 

Instead of placing weights in the soalc-pan F (Fig. 2), tho arm of the Icrur M X 
may be graduated, and used aa a Roman steelyard. 
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Ituforu plaeiug a body on tbe platform A B (Fig. 1) whose weight is to bo deter¬ 
mined, it is necessary to obserre whether the ann of the layer M N is in a perfectly 
horizontal pMition. This is invested .by a horizontal pin h fixed to the fir^owork 
of the instrument, being in the same line with a similar pin fixed to the arm of 
tho lever. To bring these points into this poution, small weights arc added to or 
token from a little cups, placed under tho point Iram which the scale-pan is sus¬ 
pended. 

ftoberral'a Balnae*. —Many of the balanocs used in shops are constructed on 
the principle of this machine, which is interesting fur its paradoxical character. It is 
apparently a lever, on tho arms of which if two weights balance each other, they will 
still continue te do so from whatever points in those arms they may be suspended. The 
accompanying diagram w'ill give an idea of the construction of this machine. 

It consists of four bars, A B, C D, A C, and B D; A B being equal to C D, and 
A (' to B D. These four bars are united togctlicr by four pivots. A, B, C, and D; they 
also rest upon two pivots or axes £ and F fixed to an upright bar £ F, resting on a firm 
bosv E II. 

Thu holes for tho pivots £ and F are so placed in A B and C D that B £ is equal to 
DF. 

Lastly, two bars K L and M N are fixed firmly at right angles to A C and B D, so ' 
that K L and A C form one rigid piece and M N and B D another. 



; Tho six pivots A, B, C, D, E, and F, arc so constructed that the bars may move freely 
I about thorn, with os little friction as possible, in the vertical plane, while no lateral 
I motion is permitted. From this constrnctiou it is evident that whatever position the 
; framework A B C D may assume, when weights are suspended from tho arms £ L and 
j M N, the four bars A B, C D, A C, and B D, will always form a parallelogram, and the 
arms K L and M N retain a horizontal position. 

It is a peculiar property of this machine, that if two weights P and Q balance each 
other when suspendod from two points S and T in E L^d M N, they will also balance 
from whatever points in K L and M N they are suspended. 

To show the properties on which this peculiar statical paradox depends, we shall 
neglect tho weights of the various parts of the machine; or, which will come to tho 
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BUM Boppoae the weights of its Tarious parts so chosen that it shall be in equi* 
librioBi for creiy positicm in which the framewcnh A B C D cu be placed, when no 
wdlj^ts arc suspended from the arms K L snd M K. We alaoneglcetthefriotianof the 
six piTOts A, B, C, D, E, and F. 

Let two weights P and Q, represented in magnitude and direction S P ud T Q 
(Fig. 2), be suspended from the arms K L and M N at the pointa 8 and T, ud let us 
suppose that thev baluce each other. 

Also let the distuccs A £ ud C F be repreeuted by e, EBandFDby A Since K L 

ud A C are ri> 
Rnt - gidly conncct« 

—HI £ —^Si ®d, the pres- 

- - I sure of P on 8 

--a will bo trans- 

K —p-- u ' ^ mitted by the 

r _—-^ ^ 

j ~ \t A C to the pi- 

•* vots A and C, 

,, where it will 

f produce two 

pressures P| 
and 1*;. 

These pres- 

- I .. suies are indo* 

G -*-—H , , 

terminate, Imth 

*• in ina^itiidu 

ud direction. 

Let Pj, the unknown pressure on A, be represented in magnitude and direetiou by 
A P,; ud P} 

that on C by sr _ vi 

^ s* f 

As the ma- ' *^! I p ' 

chine is sup. -^ J 

posed to be in “ ■-- 

a state of equi* - s_ 

librium, P| will “1 _ _ 

be counteracted xz'^e" --- ^ u 

by the reaction 
acting in the 
direction AR„ ** 

AR, ud AP| 
being in the 
same line, ud 

=”P|- c__P 

wul be coun- 

teracted by the equal ud oppoaite reaction Bj, reprssuted in magnitude ud direction 
by CB,. 

Again, because the bars B D ud M N are rigidly connected, the pressure of Q on T 


_Ji_S. 

X? e 


Tig. a. 
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will be tnuMinitted and produce two prcssurca Ps ond at B and B, which will be 
countcmoti'd by equal and oppoaito rcactiona II3 and R4. 

The bars K L and A C are kept in equilibrium by Ao three forces P, Bi, and Ej, act¬ 
ing at S, A and C in the directions S P, A B| and C Rj. 

Resolving the forces represented by A R| and C R2 into the vertical and horizontal 
forces X„ Y|, and Tj, represented by A A Y|, CT,, and CX3 (Fig. 3 ). 

We shall have by Prop. XVIII. 

F =: T| Yj and X| = Xj. 

The couple X, . AC whoso tendency is to twist the rod A C is entirely destroyed by 
tlic reaction of the pivots at A and C, and the forces Yj and Y3 will be equal and oppo¬ 
site to two forces which will exert a pressure on the extremities A and C of the levers 
A n and C D. 

In a similar manner, by resolving the forces Rj and Rj into the horizontal and ver¬ 
tical forces X »> ^31 Xj, and Y{, wc shall have 

Q = T3 Y* and X3 = X^. 

The f«>rccB Y., 

end Y| being ^ 

equal and op- 
]io8itc to two 
vt'rtical pres- 
«ure8 acting on ^ 
tho extremities 
It and I) of the 
levers A II and 
r I). 

Finally, wo 
have the lever 
A It resting on 
the fulcrum E, 
kept in equili¬ 
brium by tho 
forces Y’l and 
Y3 (Fig. 4 ).^ 

Ilcncc Y, . <1 =3 Y3 



a 


b. 


Also for tho lever C D wo have 

Y 3. a — Y ^. 3 . 

Hence (Y, -|- Y.^.) a = (Y3 -J- Y''4) i; 

Rut Y| Y2 ~ P» snd Y3 ^ Y4 3z Qj 

Therefore P . a =: Q . A 

Provided therefore tliat tho pivots are strong enough to resist the lateral strains act¬ 
ing on them, tho condition of equilibrium for the machine is that P multiplied by m shall 
be equal to Q multiplied by &. a result entirely independent of the quantities e aod <4 or 
of tho distances 8 L and M T. ^ 

In constructing balances on this principle, a and b are taken equal tx) each other, in 
which case £ ond F bisect A B and C D, and P and Q are equal. 

Wheel and Anle. —The second mechanical power is the wheel and axle ; this 
machino in its simplest form consists of a circular wheel A B firmly fixed at right 
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angles to a cylinder C D £ F 8u that both revolve toj;ethcr round a coumoii 
axis GH. 

The forces F and W arc supposed to g 

beappliedby weights suspended fn>in one /tlllllW 

extremity of the cord wiapped round the Jill 

wheel or cylinder to which the other ^ I i jjjj 'jM 

extremity is attached, llie forces by I ll'li 

this contrivance always act at right ^ jl 

angles to the circuiufercaccs of the 
wheel and evlinder. 

The cords are supposed to be per* I 

fectly flexible, incxtensibic, and dcsti- I V 'i jjV 

tuto of weight. Their friction on the \ji^r 

surface of the wheel and axle, as well rjl A { 

os tlie magnitude of their diameters, is | 

also neglected. 

Fig. '2 represents a section of the ! 

wheel and cylinder perpendicular to l 

their common axis. ^ ? 

Let A B be the radius of the wheel and , 

A C that of the cylinder or axle. Since 

the forces P and Q always act at right angles to the ciri iimfen-nce of the whiM-1 and axle, 

the force F may be represented in mngui- 
“>..^3 tude and direction by B 1* at right angles to 

^ r*Sbt angles t»> 

/ ^ 

y When tbe.se forces priKliieo equilibrium, 

\ taking moments alH>ut A we have 

) P.AB = W.ACor>L=.^«, 

' j -- / that is 

\ / / Thefnrceacting on the .surface of the wheel_ 

\. / y The force acting on the surface of the axle 

cn, radius of axle 

/ ^ radius of wheel * 

Jr This machine is nnlv a morlification of 

2 . lever; for referring to Fig. 2 wo may 

consider it in its position of equilibrium us 
a bent lever, whose arms arc A B and A C and w'hosc fulcrum is A. 

When it is in motion, we may regard the wheel and axle as made up of a number of 
spokes; these spokes como successively into action as levers, and thus the advantage of 
an endless leverage is produced, and the power and weiglit each act constantly in a 
i^i^t line instead of describing circular arcs as in the common lever. 

Instead of the wheel, one or more bars arc sometimes fixed at right angles to the axle, 
and these are often so disposed us to allow several men to act at once on the ma¬ 
chine. When the axis of the axle is horizontal, a bar fixed at right angles to tho 
extremity of the bar, fonning what is colled a winch, forms a convenient means for 
applying the force. 




P. AB = W. ACor i- — 


Fig. 2. 
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TTliou the axis is horizontal, as in Fig. 3 , the machine is called a uindlasa; vLcn 
•vertical, as in Fig. 4 , a eapatan. 

Toothed Wheels. —The third 
mechanical power is the toothed 
uheel, and is extensively used in 
the constniction of cranes, cloelc and 
watchwork, and almost cverj* va¬ 
riety of machinery. 

Toothed wheels consist of thin 
fvlindiTs, having their eireumfer- 
I nces indented or covered with pro¬ 
jections called ttrth or eoif.s^ sot at 
ei[ual distances fruii each other. _ 

If two such wheels have their 
axes placed in such a ])ositii>n that 
tlu- 8 iirf.ic('s of the wheels may bo in the same plane and the edges of their 
leclh touch each other, as in Fig. 1 , and ouc of the wheels be made to revolve round 

its axis, its teeth will aet in 
succession on the teeth of the 
other, and cause it to revolve 
round its axis in an opposite 
direction. 

1 \> determine the condi¬ 
tions of cr|uilihriuui for this 
machine, we will suppose A 
and A' to be the axes about 
which the wheels revolve, 
and the M'cights P and W 
which produce equilibrium 
to be attached to the extre¬ 
mities of cords wrapped 
round, and haring their other 
•xticTnilies fastened to, cylittdors fixed perpendicularly to the wheels, and having a com- 



liiun axis with them. 

Let A 11 and A' I? he the radii of those cylinders. 

The Wright r will eoniniunicate a tension to the rope B P, which will produce a 
jircs-sun* oil the eiliinler A B; this pressuiT will be coramunicated from the cylinder to 
the point C, w'hero the tooth of the wheel C K is in contact with the tooth of the wheel 
(’ li, In a similar manner, the pressure produced by W on the cylinder A'B' will be 
communicated to the same point. 

These two pressures at C will act perpendicularly to the surfaces in contact, and 
when there is equilibrium they will destroy cacli other; consequently, they will be 
equal and 02>pu8iic to each other. Let these pressures be represented by K, and tbeir 
magnitudes and direction by C 11 and C 11 '. • 

From A and A' draw AD and AD' at right angles to CR, and join AA' cutting CR in F. 
The w'hccl AE is kept in equilibrium by the force P acting in the direction BP, and 
11 in the direction CR; and the wheel CE' by the force W in the direction B'W and R 
in the direction CR' 
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Hence taking momente about A we have 1 *, AB = K. Al) 

And taking moments about A' wc bavo W'. A'B'= K. A'D' 

T« -j- *• V *1 . ^ AB ad r AD A B' 

Dividing one equation by tbc other =-^. " 

In the two triangles ADF, A'D'F, the angles at D and D' ore right angles, and the angle 

DFA wangle D'FA'; hencu Uie 
triangles are similar, and there¬ 
fore 

AD __ 

Al)~"~ A'F 

and substituting this value we 
hai'e 

r _ AP A B' 

AV “• A F aB 
If we make AB = A’B', the 
cfTtH't of the eoiubinution ill de¬ 
pend ujH>M the teeth of the wlietla 
and their railii only, and tliexi 
!• _ AF 
W — A F 

When the teeth are small in 
comjiarison M'ith the radii of the 
wheels, AF and A F will be 
nearly equal to these radii. And 
since the intervals between the teeth must be equal, in order that the wheels may 
work through a whole revolution, tbc number of teeth in each wheel will be pro¬ 
portional to their respective eiti umfercnces. Hence in this case 

P radma of wheel C K _cireiunfiTenee of CE _number of teeth in CK 

radius of wheel C E' circuuiietuiiee ol CE' number of teeth in CE' 

The edges of the teeth which como in contact with each other are sometimes 
formed of curves, which arc portions of the curve callcal the involute of a circle. In 
this case the point C retains the same jiosition throughout tbc whole rei'ulutiun of the j 
wheel. The discussion of tliis prupc'rty, os well os the best form of tlie teeth, requires 
a greater knowledge of the higher branches of geometry than can be assumed iii an . 
elementary work. 

When the number of teeth in a wheel ia small, the wheel is called a j/iuion and tho 
teeth Uavet. 

The axles about which the wboids revolve may be placed nt right angles to each 
other, as in Figs. 2 and 3 , or inclined at any angle to each other as in Fig. 4 . 

** In Figs. 2 and 4 the pinions are placed on the aurfaccs of frustrums of cones* 
whose axes coincide with those of the wheels: the wheeb are then called bevelled 
wheel*. When the teeth projedt from tho edges of tho wheel, it b called a epur : 
wheel; when they project from the aur&ce of tho wheel oa in Fig. 3 it is called a • 
tntpn wheel. ' 

The teeth in which those of one of the wheeb work may be placed along the edge , 
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Vig. 2. Ft;. 3. Fig. y 

in Fi^. 5, when* the wheel is made to revolve by a winch, is called a jaeltf and is often 
employed fur raising heavy weights a small height. 
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un each other ly a band, atrap, or chain passing over and in doao contact with a 

portion of the surfaces of both. In these cases the minute 
protuberances of the surfaces, or the friction they exert on 
each other, prevent the surfaces from sliding, and act as 
iminute teeth. A. band which dips, may frequently bo made 
to act by chalking its surface. 

jV F«Uoy.— The fourth mechanical power is the pulley. 

V. simplod fonn it consists of a solid circular whcil It C, 

having a smooth groove cut in its cireumferenc- C-. This 
Tig. 7. wheel revolves freely round an axis or pivot passing ihnmgh 

its centre at right angles to its surface, and having its ex¬ 
tremities fixed to a wooden or metallic finme F G. This frame may be either fixed or 
moveable. The wheel is called the _ 


shea/, shiver, or rumlle ; the avia the 
ffudpeon, and the frame in which the axis 
is fixed the iloek of the pulley. 

The force P is applied to one cx- ^ 

tremity of a cord passing fatly »iver the 

grooved circumference of the sheaf, which Ic 

moves with it round its axis, thus di- J 

minishing the friction of th«‘ lord , and 

the wei^t W, which is to be overcome, ^ , jr Ij p T 

is attached to the other extremity of the [] 

Several pulleys may he combined ^ 

together, forming what is called a [ J 

system. The cords which pass over tliu 

sheaves are supposed to be iwrfeetly j 

flexible and inextensiblc; the friction of 

the cords, as wdl os that of the axis, and, when not specially mentioned, the weights 

_ of the blocks and sheaves, are not coiisideied in 

( our calculations. 

^ The single pulley, with its block fixed, affords 

B DO mechanical advantage of the power over the weight, for the 

P power P exerted on the extremity of the cord communicati s a 
p toDsion T proportional to P throughout its length to its ex- 

C^HB s ^ which W acts. When there is eqiiilibriutn, those 

forces P and W must bo both equal to the tension T of the curd 
at the points A and D, or tho tension of the cord will produce 
^ W * a force equal and opposite to P at A, and equal and opposite to 

^li 1 WatD. 

I llcnco P =r W = T. 

Tho single fixed pulley affords a convenient means fur 
altering ^0 direction of the application of a force to a machine. 
IsliX Thus a weight which acts vertically downwards, may ho made 
„ to exert an equal force in any direction we require, by a projicr 

position of the pulley and the support to which its block is fixed. 
Single Moveable Pulley ,—Let a weight F be attached to one extremity of a oord 


¥lg. 1 . 


Fig. 2. 
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passing over tho fixed pulley F £, round the moveable pulley C B, and having its 
other extremity fastened to a fixed 

E ^ 


)»cam at X, tho block of tho pulley 
F E being fixed to the beam at G in 
such a manner that £C and AB 
shall bo parallel. Tho weight W is 
attached to the block D of tlic pulley 
C! B. Neglecting the weight of tho 
pulley C B, P will communicate a 
tension throughout the cord, and this 
tension will produce a force P acting 
in the direction C E at £, and another 
force P acting in tho direction B A 
at B. 





Fife'. 3. 

Hence when there is equilibriiun, 
we shall have 

W = P + P = 2 P. 

When the weight of tho pulley 
is taken into account, this weight 
must be added to W. When the 
cords are not parallel, resolving the 
forces P acting at C, and P acting at 
B, into vertical and horizontal forces, 
os shown in Fig. 3 , and equating 
the horizontal and vertical forces acting on B C, we have 
P sin ^ = P sin 0 , hence ^ = 9 
and W = P cos S+P cos ^ = P cos P cos 9 = 2P cos 9 

Where 9 equals half tho anglo AB produced makes 
with E C produced. 

In /Atf gystem of each pulley hongs by a 

separate cord, os shown in Fig. 4 , so that the cords may bo 
parallel. 

Let w„ Wj, W3, be weights of the pulleys, fy the 
tension of the cords. 

AV Wi 2/|, <1 Wj 2^21 " 1 “ ^3 ®ttd ty SI P. 


Hcnco P = 


<3. 


"3 I % 

2 “2 


Wj , ^ 
2 "^2* 


I tl — "^3 I I 

*t" 2^*“ 2 ' 2^ ' 


Figr. i. 


23 “• 2* 


If there had been four pulleys we should have had 

— 2 2- 2* ^ 2* ^ 


W 

2< 
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Neglmting the weights of the pulleys, Wj, &o., for three pulleys we shell have 

w w w 

P = ^» for four P =r and generally for n pulleys P = —^ 

When the cords are not parallel, we may sec, from the case of the wnglft pulley, that 

each tension, f|, i&o., must be multiplied by the cosini' 

of the angle which its cord makes with a line drawn parallel 
to the direction in which W acta. 

This multiplication will necessarily dimmish the tension, 
as the cosine will always be a friction less than unity. 

In rAs MCtmd fjfatem of pvile^ the coni to which I* is 
attached paaaea orer all the pulleys as diown in Fig. 5. The 
pulleys are divided into two groups, the upper working in a 
common block which is fixed, and the lower in a coratnun 
moveable block. The other eztn'mity of the cord to which 1* 
ia attached after passing over all the sheaves, is fixed to the 
upper block. W is attached to the lower block. 

The weight or force P will communicate the same tension 
throughout the rope. 

It is evident, therefore, that if wc consider the ropes a.- 
parallel, and neglect the weight of the lower block and it!> 
sheaves when there is equilibrium, we shall have 

W = 6P 

and generally wc shall have W = nP where n is the number 
of the portions into which the cord is divided by the twv* 
blocks. 

When the weights of the sheaves and blocks arc taken 
into consideration, it is evident that the weight of the lower 
hlock and its sheaves must be added to W. 

If the positions of the cords be nut parallel, each portion 
must hare its tension multipliud by the ctjsine of the angle t<> 
which it ia inclined Jx> the direction of W, as in the first 
system of pulleys. 

In Fig. 6 wc have represented a very powerful arrange¬ 
ment, having the pulleys in each block arranged as shown in 
the figure. The sheaves of the upper row in the upper 
of the lower row of the lower blocl^ arc all of the same 



tjnfw V 
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block, as well os those 
diameter; those of the Lower row of the upper, and upper row of the lower arc equal to 
each other in diameter, though loss than the former. The cord ia omitted for the soke 
of clearness, but one extremity is fixed to the hook A below the lower block; it then 
passes in succession under each of the sheaves in the lower block, and over those in the 
upper in the order shown by the numbers attached to the sheaves in the figun*: tlic 
powm is applied to the extremity of the cord which passes over the pulley marhtfd Wjo- 

As there are twenty portions ofthc cord between the two blocks, in this case W = 20 P. 

This arrangement permits the portions of the cords to be nearly parallel, and has the 
additional advantage that the poVer P acta immediately over the weight W, so that the 
parallelism of the cords wiU not be deranged, as it would otherwise be liable to be; it 
has, however, serious practical defects. 

If the weight W be raised by the power P a given height, say for instance one foot, 
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each portiun of tho cord between the two block* must bo raised the same height, whit-li 
will necessarily cause 1* to descend 20 feet. From tho arrangement of tho cord it is 

evident that one foot 
of tho cord will pass 
over the pulley w,, 
two feet over Wj, three 
feet over &c., and 
20 over Wao* 

Itfil Tliov sinco the 

" ' lil ^31 Wa, 

^■j H|1 &c., arc of the same 
1^^ iWl I diameter, and revolve 
each round its own 
axis, and twice as 
much cord passes over 
W'a os W|, tiircc times 
as much over W'3 as 
w'l, and so on; it fol¬ 
lows that w. w'ill re¬ 
volve twice 08 fast, w, 
tlirec times os fast, as 






III 


y 






II 




w,, and so on for tho 
other sheaves. 

This inequality of 
motion loads to great 
inequality in the wear 
of the various parts 
of tho machine. If 
wc attempt to remedy 
this defect by fixing 
w the sheaves in tho 

f,, same row to a common 

axis, parts of the cord must necessarily scrape or slide over 
sheaves instead of moving with them; and this will lead to great increase of friction. 
Tt» reme«ly tlji'se defects, Mr. White contrived the pulley known by his name, 
sheaves in each block were cut out of one piece of wood or metal, being formed of 
a series of pamllel and circular grooves, each increasing in diameter. The diameters of 
the grooves were mode to boar to each other the same prtqmrtions as the portions of rope 
whiuh were to pass over thorn—those for tho lower block being os the odd numbers 
1, 3, a, 7, &c., and those in tho upper as tho even numbers 2, 4, 6, &c. 

By this arrangement all inequality of woor was supposed to be obviated, and the 
friction was reduced nearly to that of the two axles of the blocks. But this ingenious 
contrivanco is found practically to fail, as the elasticity of the cord, which is supposed 
by tho arrangement to be inelastio or inextensible, is subject to continual change by tho 
moisture or dryness of the atmosphere, and by the friction of the oord upon the grooves. 

In the thirdst/etem of puHtye each cord passes over a pulley, and has one extremity 
attached to the weight W, as shown in Fig. 7, the cords are auppoaod to be parallel to 
each other. 


Fig. 7. 

the grooves of the 
ric 

Tlic 
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THE IXCU5E1) PLANE. 


Let W], yr^ w,, rcpreseat the weights of the pulleys^ fi, /j, the tensions of 
the cords passing over thorn. 

Then 

<2 = 2^1 + Wi = 2 P 4- Wj. 

= 2fj Wj = 2®P + 2w, 4" 

— 2/j 4“ = 2P^ 4“ 2*w, 4* Swj 4" ''''a* 

Therefore W = r,4’^*4"^i4"^f 

= (14-2 4- 2^ 4 2‘) p 4- (I 4- 2 4- 2--) w, 4- (1 4- 2) vr,+ ^y,. I 

= (2* - 1) P 4- (2^-1) «*, 4.< >= - 1) w., 4- (i - 1) w,. i 

The same reasoning may be extended to any number of pulleys », in whieh ease | 

i 

W= (2"— 1) 1*4-(2-- 1 — 1) w, 4- (2«- a— 1) 0 , 4 - &C.4 (2—1) o„. I 


MTjcn the weights of the pulleys are neglected, w„ 'Wj, &c., w,, an* iMjual to zero, and 

W = (2" — 1) P. 

When the strings are not parallel, their respective tensions must be multipl’eil by 
(be ensiue of the angle they make with tlie direction of W, as in the prceediug srsteiii«. 

TIm Inclined Plane. —The inclined }ilanc is the fifth mechaiiieal }>owcr. It 
< onsists of a plane surface A 11, which is supposed to be perfeet in hardness and sinnoth- 
Kv'ss, and inclined at some angle a to the horizontal line. A heavy body, whose wciirlit 
W (Fig. 1), rcoting on the plane, and supported by a force P acting in some diructiwn 
i> £, constitutes the weight in this machine. 

Let 0 be the angle D E makes with H A, and ItC he drawn at right angles to AC 
a is called tho intdiuation of the plane, 11 C its height, A B its lc:igth, and A C its 
i.asc. When there is equilibrium, 1) will be acted on by three fork t->, the force P ai ting 



■ in the direction D £, tho weight W acting vertically downwards, and the unknown 
I reaction R produced t>y the prcslure of the body D on the plane A11, u'hich acts porpcn» 
diculorly to the surface of the plane. 

Let R, P, and W bo represented in magnitude and direction by D R, D P, and 
DW(Fig. 2). 


I 



THE WEDGE. 


Rt'solTing thcso forces parallel and perpendicular to tho lurfaco of the plane A B, as 
ehlllKi in Fig. 2, wo have the following conditions of equilibrium:— 

W sin a = P cos ft or ~ ~ 

P am a 

The magnitude of £ may be found from the equation 

£ 4" P »i» /3 = W” cos a; 

or £ = W ( 08 a — P sin /S = W cos a — W ® 

cos/9 

_/COS a cos fi — sin a sin ftv _ W cos (a 0 

\ coa 0 ‘ cos 0 

'Wlten P acts along the inclined plane in the direction D B, jS = 0, and 

W _ 1 _ A B _ length of tho plane 

1* sill a B C height of the plane * 


R = -W W. . = W *” = W X . 

A B length of the plane 

Correctly speaking, tho angles, &c., of Fig. 2 do not correctly belong to the inclined 
plane of Fig. 1, unless the centre of gravity of tho body D touches the plane A B, but 
to an imaginary piano passing through the point A and the eentro of gravity of D. 

The Wedge. —Tho sixth mechanical power is tho wedge, which may be regarded 
as two equal and similar inclined pianos A B C, B D C, 
witli their bases fixed together. It is used for cleaving 
Huhstanccs, in which cose tlie edge C is introduced into 
a cleft, and tlie surface A D struck by a hammer or 
mullet, BO as to cause the wedge to enlarge the cleft 
and split the substance. 

Considcri'd as a statical machine, the power is a 
weight applied to A I> suiDcient to balance the pres- 
Buri'S exerted by the substance into which the wedge is 
thrust on the sides A C and D C of the wedge, con¬ 
sidering these surfaces as perfectly smooth. 

Thu consideration of this machine is now omitted in 
many treatises, since “ in the theory of the wedge, 
there arc introduct^ so many conditions, which are 
perfectly inapplicable in practice, so many gratuitous 
as.<tumptions and suppositious so inconsistent with 
practical truth, that the whole doctrine has little or no 

value. Nothing con more plainly demonstrate the inutility of tho theory of the wedge 
th:i. that, in this theory, the power is supposed to be a pressure exerted on the back of 
the wedge, w’hioh is supiiosed to he capable of balancing the efibet of the resistance in 
producing the recoil of tho wedge. In all cases where the wedge is practically used, 
the friction of its faces with the resisting substance is sufficient to prevent the recoil; 
so that, strictly speaking, no force whatever is necessary to sustain the macdiine in 
oqiiilibrium ; and to move it, pressure is never resorted to—inasmuch as tho slightest 
percussion is far more effective. The only general theoretical priac{)[>le respecting the 
wedge, which obtains always in practiem is, that its p^wer is increased by diminishing 
the anglo Cl ).”—Meehaniety Society for the Diffusion of Useful Knowledge. 

* The Bevew. —The seventh mechanical power is tho screie, and may bo legardcd 
as a modification of tho inclined plane. If wo take a triangular piece of paper ABC, 
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the angto tt C being a rig^t angle, in A C take a point A', and thnmgh A' diaw 
jianillel to A B. Then let the portion A A' B* B be blackened, and wrap the triwjjPe 
AB Ground a ojliuder D £. Let now a groove be out perpendicular to the surface of too 



1 Hf. 1. rig. 2 . ; 

I rrlinder and following the direction of the dark spiral hand, formed by the triangle i 
I .V B C. The projecting portion between the gniove is called the fhrea^i of the sen*a', | 
! and is evidently an inclined plane passing r«>und the cylinder. The cylinder in a-bich 
! the groove is cut is called the serew. A hollow cylinder is nna' rut tliruugh a beam 
! A B, and a spiral cavity, cut in the surface of toe hollow cylinder, rurrespuiuiing in 
I magnitude to tlie thread of the screw, so that one may be ivgarded as tlie cost or mould 
(if toe other. This is ealled the nut of the screw. 

If A B bo firmly fixed to the upright beams AC, B D, and these again to a piano 
base C D, the aerew E F can be made to pass through the nut by causing it to re¬ 
volve round itssucis E F by means of the arms E11 or E O, and as it moves through the nut 
its axis will alwaya be vertical, and ita extremity F will press u[}on a piano K L so con¬ 
fined by toe,b*n AC and B D in the frame ADC B ns b* have only a vertical inution. ' 
The praaanre of the screw will thus be communicated by K L to any substance placed 
between K L and C D. 

To obtain the conditions of cquUibriiun of the screw, we neglect toe weight of the , 
screw itadf, and the frie- 
tion of tlM rarface of toe 
thread on that of too 
nut. 

To simplify, as much 
as possible, the problem, P 
we first suppose toe por¬ 
tion of the thread which, 
by the action of a force P| 
at right angles to the ex¬ 
tremity G of toe IcvcT G E 
(Fig. 2) communicates a 
pressure B| to toe surface 
of toe nut with which it ^ 

is in contact, reduced to a single point Q (Fig. 3), and toe surface of the nut unfolded 
into toe inclined plane M N 0. 

Thff resistance K, which the sur&ee of toe nut opposes to the motion of Q will fie 
pcrpendictilar to the surface M N of the inclined plane M N 0, and the resolved portion 
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of force in a vertical position will give the proeaure Wj which the screw will com- 
muwRate to the substance placed between K L and C D. 

Tx‘t n be the length of the arm G £, i the radius of the cjlindcr of the screw, a the 
angle of the plane M X 0. 

Resolving Rj verticallj and horizontally, we have the following condition of equi¬ 
librium :— 

"W, = R, cos a; 

and taking moments about the axis of the screw, 

a . r, = A Rj sin a. 

Now we may conceive the portion of the thread of the screw divided into a number 
of portions Qi, &c., Q,, kept in equilibrium by forces I’l, 4:c., P„, W,, &c., 

W^, and producing redactions R,, R^, &u., R„ on the surface of the nut. 

P, P.j -4- &c. P„ will be the whole power P applied to the extremity of the 
arm G E, and W, 4* Wj 4 - &e. 4" whole vertical pressure W which the 

se ew' will pnaluco. 

Then, os before, we shall have 

Wo = R, eos a and irP^ = &R. sin a 
W 3 = Rj cos a 0 P 3 = Allj sin a 
it;. = ic. ie. =; ic. 

W„ = R„ cos a aV„ = iR„ sin a 

Ilcncc, adding these equations, we have 

(W, 4. W„ 4. W., 4. ic. W„) = (R, 4- R, 4- R, 4. ic. 4- RJ cos a 
fl (P, 4 . 1\ 4- P, 4. ie. 4- PJ = MKi + Ra + Ita 4- &c. 4- RJ sin «; 

and dividing these equations wc have 

W. 4 - W, 4> W., -I- ic. 4 - W,, cos g W cosg 

a ^I'l 4* Ri 4" R .1 4* "ke. 4” RJ A siu a aP ^sin «’ 

.W a 2»a 

OJltl . — — —- 

I* b iiui a 2 V A tan a ’ 

or— - circumference of circle described by the extre mity G of arm G E 
P vcrlic^ distance between two threads of the screw 

For if XG (Fig. 3) be the vertical distance between two threads of the screw, MO 
will be equal to 2wb and NO = MO tan a = 2irA tan a. 

Friction.— In our prerious investigations wc bare supposed oil our surfaces in 
contact writh each other to bo perfectly smooth. This perfect smoothness con never l)c 
attained in practice; tho roughness, or want of smoothness, of two surfaces in contact 
with eaidi other, opposes a resistance to their motion over or along each other which is 
called /rictiofi. From certain experiments it appears that friction maybe due, in some 
measure, to the nature of the surfaces in contact with each other, and influenced by 
the molecular forces which the particles in contact may have with each other. 

I Experiments with a number of different substances have led to the following 
I laws :— • 

I That tho force of friction is proportional to the pressure acting on4hc surfaces in 
contact so long as the materials of the surfaces in contojjt rem^n the same, and act at 
right angles to tho direction of the pressure. 

That for.thc same prcssui-e the friction is the same, whatever may be the magnitude 
I of the surfaces in contact. 

These law.s ni-c not strictly true, but are subject to considerable variation in eeit.iin 
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extremtf cucsi m when tho pressurefl arc very graat and the lurfiices in contact vur}' 

•man. 

The friction of moving surfaces is also much less than that of the same surfaces in a 
■tate just bordering on motion. 

For the state just bordering on motion the friction of taro smoothly planed pieces of 
wood, the grain being in the same direction, is half the pressure; for the same the grain 
being in opposite directions, i.<i one-fourth the pressure. The friction of two meUdlic sur¬ 
faces is one-fourth the pressure; and of one surface metallic and the other wood, one- ‘ 
fifth the pressure. | 

Thu frictian may be greatly diminished, by the use of lubricants, such as oil, tallou', | 
black-lead, &c. j 

{ If the points in contact be mere lines, as in the case of the knife-edge of the > 

1 fulcrum of a lever, this friction may be considerably reduced. Thus, the friction of ' 
wooden surfaces is diminished in this case frt>m one-fourth to one-twelfth the pressure ' 
exerted by the surfaces in contact. 

I i 

I 
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DYNAMICS. 


SECTION I.—ACCELEEATING FORCES. 

latvodnetiMl. —Every Wy, or material particle, is necessarily in a state of cithm- 
rest or motion. A body strictly at rest is regarded as acted upon either by no force at 
oil, or else by forces which oppose and neutralize one another. Inrestigations respecting 
forces which, acting upon a body or upon a system of bodies, thus keep the whole at 
rest, belong to the first great division of Mechanical Philosophy— Statiea. In this 
branch of the subject, the result of the several applied forces is preature or tetuimi, but 
no movement; in the second groat division, now to be treated of, the result of the 
nppliei^l forces is motion : there may be pressure as well, but it is the motion or change 
of place of the body acted upon, that is the exclusive subject of Dynamic*. 

Gf physical causes we know little or nothing: we observe motion or pressure, and 
w(> infer that is, sumo cause for the phenomena; but it is with the cfiects or 

phenomena alone that our observations and reasonings are concerned. 

Ignorant, however, ns we arc of the essence of force, wc cannot be under any doubt 
that it is the same in kind when operating in the production of motion as when operating 
in the production of pressure; for whenever, in the latter case, the resistance or 
obstacle is removed, motion necessarily ensues. But there is one consideration 
inseparably connected with that of motion, which has no place in statics: it is the con- 
aideration of fims, an element which necessarily enters into the very idea of motion. 

Nor can we conceive of a force which transmits its iufiucncc to a distant body—as 
the force of magnetism, or the force of gravity—as doing so independently of time. It 
is inconceivable that some interval does not elapse, however minute, between the cause 
and the effect: the transmission of a force through spaco must take time. A few years 
ago, th<* following question was proposed to the author of the present treatise:—A beam 
or bar uniformly strong—tliat is, resisting fracture in every part alike—is immoveably 
fixed at one extremity, from which it hangs vertically; to the other, or lower extremity, 
is then attached a weight indefinitely great: where will the beam break .> The con¬ 
dition is that the beam has no tendency to break at one place more than at another, and 
yet the weight suspended to it is to be immeasurably great. The answer is, that time 
being required to transmit the force through the particles of the bcaiDj the fracture takes 
place at the lowest port, the falling weight bringing with it only the lamina of material 
in immediate contact with it. 

As the dynamical effect of force is motion, and as motion implies space passed 
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nriFOEJC BSCTILTVEAB MOTION. 


Ukrovi^, tnd the time of paiaage, it is dear that, as in aU i^yneal iaquiriea, meaauring 
I etoaea by their efiocta, the meaauxc of furco muat in aome way bo compounded of apaoe 
and time. 

The aimplcst kind of motion ia twiform motion, or that in whit'h the moving body 
paaaaa through equal apaeee in equal interrala of time; and tho airopleat path the moving 
body can dcociibe, is a straight path. We can fully examine motion of tAis kind with* 

< out any reference to force at all; we can take tho motion aa we find it, without any 
i inquiry aa to its origination; and ascertain all we wish to know respecting it In fact 
a body so moving is not, during the motion, acU>d upon by any force at aU. Conceive 
i an isolated botly at rest all other ImmIu^ and forces in nature b<>ing removed: it is pinin 
that that body will remain at rest fiw there is nothing to disturb its condition. In like 
manner, conceive such isolated body to be moving unifi^mdy in a straight line: 
it must continue to move uniformly, for there, is nothing to disturb its condition; to 
suppose a force to act upon it at any point of it^ path, and yet fi^r the uniform onward 
motion to remain the same, would be to suppose a cause without an effect. A IxmIv, 
therefore, thus moving uniformly onward, is not actuaUni by any force whatever. It is 
true it could not pass from rest to unitbnu motion in a siraigbi line without a causi— i 
an impulse, for instance—but uolliing acts ii|H>n it afterwards, or during its uniform j 
motion; otherwise that unifonuity would be interfered with. ' 

It is this simpli>3t kind of m dion that we sliull first consiiler, and shall then pnx-ccil > 
to that which is due, not to instautaiiuous impulse, but to /mi re ciintinuouslj' acting iip-»ti j 
the moving body. The proper method of measuring this furcc will shortly be explained. 

Vaifnrm Motiott.—In appplied, as well as in pure mathematics, 

certain fundamental positions or postulates must at Uic uut.'xa be assentixl to. In > 
Dynamics there arc three such postulates: they arc known as the three lau's of motion.* 
The first of these is as follows:— 

A material particle, if at rest, and unacted upon by any external force, will remain 
at rest. A material particle, if in motion, and unacted upon by any external force, 
will continue its motion uoiformly, and in a straight line. This law* is only a fonnui 
enunciation of tlic tn*rtia of matter, hy wbicli is meant its ineopability of altering, 
t/st//, the state into which it is put hy any evtcmol cause, whether that be a state of I 
rest or a state of motion. j 

It is plain that the motion spoken of, lieing neither unchecked nor expedited, nor its 
direction any way interfered with, must be uniform in its ratt, and rectilinear in its | 
course— the course originally impressed. | 

The rate of a body's uniform motion is estimated by the extent pamod over in some 
determinate portion of time—a second, a minute, an liour, &c. In dynamical invesUga- 
tinwa, the tecond is generally taken fur the unit of time; and what in popular language 
j is coUed raU of motion, is here called velotity ; hence if a body moves uniformly over 
ten feet every second of time, we say that it raovw with a velocity of ten feet, or that 
its velocity is ten fecit “per secoml" l«*ing understood. Putting llio symbol v for velo¬ 
city, we should therefore have e =: 10 feet. As a second is taken for the unit of time, 

„ Bos^foot is taken for the unit of length. It is common, however, to call tho Icngtli of 
track desenbed by a moving body tho apaee passed through, and to represent this length 
by *; but it will be borne in paind that by n length only is meant. 

The B 3 rmbal employed tor tiumAcr of weand* is t: it is to ho carefully observed 
♦hat t does not for the concrete quantity /('me, but only for tho number of seconds 
* The three laws of motion arc formally enunciated ut the end of this treaUso. 
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in that timo; so that lengthy viz. feet^ is the only concrete quantity represented by the 
symbols e, «, t, arhich ore related to one another as follows, namely 

« _ . . _• 

V = s = rt, < = - 

t V 

Ro that any two of the three qtuuititioa conoomed being known, tho third may be 
immediately found. If, howcTer, t is not reckoned from tho commencement of the uni¬ 
form motion, but only after a ctertain space i has been passed OTcr by tho moving body, 
thou s being tho whole length of path from the eommencemont, the three equations 
will bo 

* — .1 . ^ * — *' 
r _ “T—» * — « + vt, t _ —jj— 

Any one of these equations is suflicient for the entire theory of the motion of a bod)* 
iiniH‘Uud by a single inqmlse, or influenced originally by any cause producing uniform 
motion. 

It may, perhaps, be os well to remark here, that a'c speak of the path of a particle 
nn<] of a body indiscriminately. In most works on Dynamics all mention of bod;/ is 
avoided in this part of dynamics, and the m<»tiou of a single particle only considered. 
Hut Ibis o\‘(dusion of body as an assemblage of particles is, we think, as injudicious os 
it is unnc'OC'ssury. Then* scemn, it is true, more mathematical precision of language in 
hpeaking of the line (*) traecMi out by a moving particle, than of what is described by 
a bulky body; but let it l»e only understood that by the path of a body we mean the 
liiie traced fut by its centn* of gravity, and all grounds for depriving the mam of volume 
and reducing it to nn indivisible isulaUnl particle—of which indeed wo can have noelear 
idea—will be removed. Throughout the preseut portion of dynamics, our investiga¬ 
tions are entindy independent of mass or viilume ; and, consequently, to make a single 
]>hy.*^ical ]»arti«'le the subject of those investigations to the studicii and systematiccxclu- 
Kii>ii of body, is to jH^rplex and mislead tho learner—in fact, to convoy to him tho notion 
that what he is learning is a]>plicablc only to geometrical abstractions—^to physical 
n-iuentitb s, and not to the actual material substanecs around us. 

We iball fiuw’ give an example r>f the application of tlie formulae just cstablislicd. 

Two bodies (a, b) animated by the 

uniform velocities r, r', set out simul- A 8 ^ 

\ tneously fi-om tho points A H, and I-!- 4.^ -^ 

move in the direction of the straight 

line A B continued; recjuired Uie time of their coming together. 

Suppose a overtakes b at the point C, then • 

AC = t/, BC’ = P'<; 

Uiat is, calling A C, a, and X B, s', 

s = «'/, s — #' = fV. 

I t — s' = 

<> — t> 

S') that the abstract nuinl)er denoting the units of time—that is, the number of 
seconds—will bo found by dividing the space between tho points of atarting b|* the 
liitference of the spaces denoting (he velocities. 

If unifoi-m motion bo the nwult of an impulse convuunicated to a body originally 
at rest, wc may reasonably conclude that llic velocity produced will be proportional to 
tho intensity' of the impulsive energy. For if a bodj' receive a certain velocity in coii- 
Bcqueiieo of a certain impulse, it ought to acquire double that velocity if at any point of 
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Hi path that impulaa Im repeated in the same directitm; but if the aeennd impulse, like 
€ba first, take place at the starting point, it must unite with the first impulw, so that 
> the consequence of a double intensity of impulse will bo a double velocity in the body 
impelled, and in like manner a triple intensity will produce a triple velocity, and so on. 

TnatlaM* KaetillaMur Motloa.—When a moving body does not pass over 
equal spaoes in equal times, the motion is not uniform, but variable. The rate at which 
the body moves, or its velocity at any instant, is the space it traiiM describe in a second 
of time, measuring from that instant, provided aU force were then withdrawn, and the 
body left to itself. Its motion during this second—as no force acts upon it—would of 
coum* be uniform. 

llonce velocity in general is measored as follows:— 

If the motion be uniform, the velocity is measured by the space actually passctlover 
in a second. If the motiem be variable, the velocity at any institnt is measured by the 
spare that hepa»»ed erer in a s<?cond, if all for(*e were withdrawn at that instant, 
and the body left to proceed with the motion it then has. 

Aecttluratiiac —A lK>dy may so move a.s to require equal nccessiona of 

velocity in equal times—that is, it may move so that its velocity at any time t being t, 
wc may have 

at the tiroes (, < -f-< 4* -• t + •'1. ^ 4" ■** 

the velocities r, r 4* **’» *’4' ^ ** 4* 

Or the velocity may, in like manner, be retanled. €< l»cinp negative. Under such 
circumstances the velocity is said to be uniformly nrrrlrrated, or uniformly retarded. 

The canac of the uniform acceleration or ri*tardation of a b*>dy’8 velocity, we call 
/oree; and mcasnring cauaea by their cfliTts, we take the amount of this constant 
acceleration or retardation as the measure or representative of a constant force, con* 
tinuously acting on the moving body. 

The symbol fw this force is/, which, viewed only in its effiw'ts, denotes merely the 
velocity generated (or destroyed) in a st^cond of time. In the illustration above, for 
instance, / = r'. 

It is of importance that the student do not attach any other meaning to this symVyl/, 
♦tian that here assigned to it. The nature of the occult influence called dynamical forc'o 
—or, as it is more frequently named, aeeehratiee force—nobody can explain In tlic pre- 
(K'nt inquiry we have to do only with its cflfcct; and this wo see is merely augmenta* 
tion (or diminution) of velocity; and therefore, like velocity itself, it is expressed by 
$paef^ that is, by linear measure: it ia not the farce that^ accelerated, but the velocitif. i 

If the force be constant or uniform, iJic acceleration of the velocity is also constant ! 
or uniform, as supposed above; but if the force be variable, the acceleration of tho j 
velocity is also variable: the only office of accelerative force is to produce accelerative ; 
I velm ity, and it ia only by this latter phenomenon that wc become cognizant of its 
activity, and eon estimate its intensity. 

Although, as remarked at the outset, we are altogethm* unacquainted adth the essence 
of the thing called force, yet wc may have abundant meaxu of ascertaining whether its { 
effects are constant or variable; and it must bo carefully borne in mind that, in speaking 
of a constant force, or of a variable force, wo have reference solely to tho constant | 
effect, or the variable effect. The force itself, whatever it be, may in reality remain 
entirely unchanged \ and yet, it it affect a body differently at different distances from 
its supposed scat of action, wo ahould call it a raruMe force. For example, there is a j 
force to cvcry hody csUodprari^^ ; ond there can be no doubt that this force, like 
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the magnitude of the earth itself, remains unchanged: yet as ve find that the higher 
above the surface a body be taken, the less it will weigh, and the less will its velocity 
t>e accelerated, we say—exclusively in reference to these variable effects—that gravity 
is a variable force. It may bo observed, however, that as this variation of weight and 
acceleration is insensible at moderate distances from the earth’s surface, in all the 
ordinan' applications of dynamics to terrestrial matters, gravity may without error 
be regarded as a constant force. 

It is of importance that the student have correct conceptions of the sense in which 
tlie terms velocity and force arc employed in these inquiries, and also that he should 
clearly i>crccive that *paee is the only concrete quantity concerned in the present {Mirtion 
of dj-nainics. The two propositions following, contain the whole theory of the recti¬ 
linear motion of a body under tlie influence of a constant accelerating force. 

1. If a constant accelerating forcey act on a body now at rest, during the time 
jirmlucing in it at the end of that time a rcl(N ity c, then r = ft. For since /’expresses 

tlie velocity generated in each second, it follows that in the t seconds, the velocity v 
V ill amount to ftt = ft. 

'2. If « be the space through which the body is moved from rest by the constant 
aei eh rating force/, in the time then * = ^ ft-. 

SiipjKmc the time t to be divided into » equal parts; then since equal velocities 

are generated in equal times, the velocity gcuorattd in the time ^ is the wtli part of 
that generated in the time f, that is, by last proposition, it is Consequently, 
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uud at the eoMmeuei lucut of the same intervals, the velocities will ho 

0,-^', . . (B) 

*t H n ' ^ 

If tlie several velocities (A) wore uniform during the several equal intervals of 
tiiiu-, iLeii the whole space S described would be 

hh'hm'hu ' h 

And if, in like manner, the several velocities (B) were uniform during those 
intervals, the whole space S' described would be 

s=o.‘ + <^ + 

H H H ^ ’ « « 

Now, it is obvious that the space « actuall}* described, is intermediate between the 
two spaces S, S'; iK>iug less than the former, and greater than the latter. And this is 
evidently true, however short the several equal intervals, that is, however huge the 
number » nmy be. 

But the shorter the intervals bo made, the closer do the values S and S' approach to 
each other, and tlicrefore to tliu intermediate value s, till at length, when the intervals 
arc diminidied down to sera, by n becoming infinite, all three values S, «, S' unite and 
become identical. 

The determination of t is therefore reduced to the following algebraical problem, 
namely,—to determine the value of S or of S' when n bcoomes infinite. 
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Now the general exprmion for the raluo of S ia 
(I -f’'2 + 3 + • • ■ + 

2 + ii> T 

In IQce manner, the general expreiaioB for the raluo of S' ia 

{0 + 1+2+ • • • + 

2 ' H* V* n) 2 

'When n ia infinite, aince in that case 0, each of thcac ezpreaaiona hocomca 

i/fi: consequently # == i/fi. It appear* then, from thcao two pn>poaitiona, that if a 
body at rest bo acted upon by a ccostant and unifunn acccleratiitg fort'o /, during 
t seconds, the velocity acquired and the space deacribed will be exprcaacd by tlie 
cquatiuna 

r =y3r and » = j/T* .... (1) 

From thcae two important equations we may proceed to.deducc some inference*. 

1. The apace described in any time, reckoning from tin* (^mimeneement of the mo¬ 
tion, ia half the space that trouM ht described in the same time if tlic body were tt» 
move from rest with a uniform velocity equal to the last acquired velocity. 

For since by (1) s =: ^ {ft) and c =// but rt is the space describe*! 

in t seconds with the uniform rebicity v: hence the space s, aettuilly de«Tibed under 
the influence of a uniform accclcratuig force, is half the spoc*** that woiibl be deserib*'*! 
in the same time if the body were to commence with the final velocity and move 
uniformly. 

2. The spaces described in equal auccessivc portions of time, from the commen* *.- 
ment of the motion, arc to one another os the odd numbers 1, 3, 5, 7, <te. 

For let t in (1) be successively 1, 2, 3, 4, &c., tlicn the spaeM from beginning nn; 
i/' if- ^ i/' **"’*’■ ’ therefore the spaces for the successive {tortions of lime 

given by subtracting these spaces fri>m the beginning, each from the following, are 
i/' 1> if’ spaces described fnmr the beginning are 

as the squares of the times; sad the spaces deacribed in the successive tn^ual por¬ 
tions of time are as tlic numbers 1, 3, 6, 7, &c. 

3. By means of the two equations (1), any one of the four quantities/, t, r, s, may 
be eliminated, and an equation deduced involving only the other three so that any one 
of the four things—^foroc, time, velocity, and space—may he expressed in terms of any 
two of the others: thus, as the simplest algebraic substitutions show, we have the 
following equivalent expressions: 

2t 

£xpf«sttOBS for'r, |/2^ — 


e |2s 2« 

y N/’ IT 


»/» 


V 2s 

y i?’ 
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4. A onifonn aoodenting force ii meisured \rf tuioe the epeoe described from rest 
in one second. 

2 # 

For putting f = 1, we Iisto /= ^ = 2f; so tbat if wo can onlf measure tbe 

space through which a body, acted upon by a uniform aooderating force, moTes from 
a state of rest, in one second, wo can corrccUy dotennine the umferm of that force 
• on the body: it will bo double tho space thus passed through. In other words, this 
j double space will be the < onstant increment of the Telocity at each succeeding second; 
that is, the constant aeeeltrotum of tbe velocity. 

It is found by experiment that the attraction of the earth upon bodies near its sur- 
iaco—that is, the force of gravity—causes a body to fidl from rest a distance of IG'l 
feet in the first second of time. Conmuently, tho force of terrestrial gravity—which 
I force is usually represented by y—^iS^ = 32*2 feet: that is, this force, continuously 
soliciting a falling body, will aocelerate its velocity 32*2 feet every second. 

It may not be amiss to repeat bore, liefore proceeding to practical illustrations, that 
U'hcre there is uniform velocity, in a straight line, there is no force. Wo should be 
coinpcUi.Ml to admit this, as a necessary lonsequcnce of our evaluation of force in 
dynamics:—a*hcre there is no acceleration of velocity*, there can be no force urging the j 
boily onwards in its path. j 


The student must all along remember that when wc speak of a force acting on a 
body, we always refer to the mechanical condition of the body at the particular instant 
that has brought it to whcju wc find it. The impulse that, acting on a body at rest, 
puts it in a state of uniform motion, acta only during the instant of paaring from rest to 
reetilincar motion: it expires, as it were, in the act; so that, at whatever point in the 
path described, the moving body comes under our examination, we are compelled to say 
that no furre—not even the force of impulsion—^is ading upon it then. 

Wc shall now give a few examples connected with accelerating force. 

SKuaaplM of Acoolexatlag Fosco.— 1. A body moves from rest with a 
uniformly accelerated velocity, and after the lapse of 3 minutes 5 seconds is found to 
have passed over 400 feet: required the accelerating force. 

Ht're the time, namely, i secs. = 3 mins. 5 secs. = 185 sees., and the space 
descrilM^d, namely, s = 400 feet, are given to determine /. From the formula 
t = wo have 

/= - = — = — = *0234 feet 

Consequently tho aooclerating force is such as to increase the velocity *0234 feet 
every ai>cond. 

2. How iar wQl a heavy body fall in four aeoonds ? 

Fslng y for/, wo have s= vrhere y=32*2, and <=4, «=16’1 X4^=267’6. 

Hence tho distance is 257*6 feet. 

3. In what time will a heavy body descend 400 feet ? 

s =: Jy<* .*. 400 = .*. t = 5 ■ecoad** 

4. If a body be projootod vertieaUy upwards with a v«doeity of 400 &et per seoond, 
how high will it ascend ? 

It will esoend to that height from which if it uure let ftU it would acquire a 
Telocity of 400 feet upon reaching the earth ; therefore since (page 134). 

• = I J ••• • = = 848 feet. 
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5. Tkrooiili wbat height nmit • body fgdl lo that tho vdootty aoqvirod may bo 
cqnol to that height? 

« = i but a = c.*. ls=J~ rs:* = ^=; fi4*4 feet. 

9 9 

6. Through what height must a body fall to acquire a velocity of 100 yaidi 
aaeoond?— -A m. 139'7d feet- 

7. A body ia projected upwards with m veloeity of 1500 feet per seoond: how hif^ 
will it ascend ?—Ana. 34875 feet. 

8. What time will elapse, after pit^aetiiag the body in the last example, before it 
again nwches the earth ?—Ana. 93 second 

In tho foregoing inquirioa respecting tho rectilinear motion of bodies under the indu* 
enre of an aocelcrating force, we have supposed the force to move the body fiom rett. 
We arc now to conaidm* the case in which the ibreo begins to act upon a body already 
moling in the diroetton of that force, or iceeiving an impulse in th^ direction. Sup¬ 
pose a body to begin its motion with a velocity o', and fimm the commcnoommit to be 
acted upon by a uniform accelerating terce /; then, as before, c being the volof:ity 
acquired in t aeconds, and s the space passed through in that time, tho acquired velocity 
will evidently be made up of the original velocity ff and the velocity fl oommunioated 
by the force f ; for this force adds to the velocity f feet every second, ft feet in 
I seconds, so that in t seconds the acquired velocity is v := o' /t. 

Again, in virtue of the initial velocity o' alone, the body would posa over the space 
r't in t seconds; and in the same timc/alonc would cause it to pass over the space 
I fP: hence the combination of these is tho whole space passed over; that is, it is 
»=zr’t jf/fil so that the formula) for final the velocity and tho space described are 

0 = 0’•+/<, s = o't ■ 4 " i/**.(*) 

If the initial velocity o' opposes that communicated hyf thou o' is to be taken with 
a sign opporito to that of/. i 

From these two equations t may be easily eliminated, and a third equation obtained ' 
involving only the remaining quantitiea; thus, squaring the first, wo have 
o5 = o'* + 2 o/f +/* = o'* + 2/ (vt 4- ifp). 

licnoe, by the second equation, o* = o'* l^s . . . (3) 

As before, when gravity is the force, / is replaced by y. 

Ex. 1. A body is prcjocted vertically upwards, with a velocity of 480 foot per second; 
at what height wrill it be at the end of three seconds? 

Here if the velocity of projection being 480 feet, this velocity continued uniform fur 
3 seconds would cany it to the height of 1440 feet; but gravity so counteracts its up¬ 
ward motion as to draw it back through a space of ^yt* = i X 322 X 3*= 144-9 feet: 
henee the hei^t to which the body is suffered to asoend is only 1440 — 144*9 = 1295-1 
foet; s = o'! — | = 1295*1 feet. 

2. From an elevated position a body is projected vertically upwards with a velocity 
of 80 feet: required its place at tho end of 6 seconds. 

« = —Jy/*= 80 X 6 —i 82-2 X 0* = 480 — 579-6 = —99-8. 

Hence, the place of the body is 99-6 feet below the place of projection. 

3. With what velocity must a body be projected downwards from the top of a tower 
150 feet hi gh to arrive at the bottom in two soconda ? 

s = 4- 4 y<* v' = J — 4 y< 

150 

=-5 -16-1 X 2 = 42-8 foet 
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4. If a body be projected veitically downward* wiUi a velocity of 20 feet, how far 
will it descend in 6 seconds ?—Ans. fi02‘d feet 

5. A body is projected upwards with a vulocityof 100 feet; whotwill be its velocity 
when it has ascended 100 feet ? (See form. 3.)—Ans. 51‘6 feet. 

6. In the preceding example find at what time the body is 100 feet &om the earth, 
as well in its descent as in its ascent—^Aus. 1*2 sec. and 4*7 sees, after projection. 

ICotliMUi ot BoAIm down lacUaed Vlnaes.—^Tho fall of a body down an 
inclined plane is another instance of rectilinear motion under the influence of gravity. 
When a material substance is placed on an in* 
cUnod plane, the force of gravity produces a 
certain vertical pressure P; if wc resolve this 
pressure in two directions, the one along the 
plane and the other perpendicular to it, the 
former component will be P sin taking i for 
the inclination of the plane to the horizon; and 
to prevent tlie body from moving down, this is 
the force or pressure that must be counterbalanced. 

As, therefore, P represents the pressurc-furce of gravity on tbo body in a vertical 
direction, and P sin • the pressure in the direction of the piano, and as, when motion 
takes the place of these statical pressures, the accelerating force of gravity is proportional 
to them, wo shall have for the acoelcration down the plane, 

P : P sin I :: y : y sin i. 

Hence the body is urged down the inclined plane by the omtstant force, 
y' = yBin*.. (1) 

And, therefore, substituting this value of g' for f'm. the fomuls! at page 134, those for* 
mulas will then comprise the entire theory of motion down an inclined plane. 

If / represent the length of the plane, and h its height, then sin t = ^: consequently 

the accelerating force down the plane is 

h 



9 = 9 -, 


( 2 ) 


And, therefore, the velocity acquired in desoending down the whole length /, that is in 
descending through the q)acc « = /, by the action of this force, must be (page 134) 

n = |/2y7 = v'2yA.(2) 

This expression wc see involves only the hcjghl h of the plane, and is independent of 
its length I: hence the velocity acquired in descending down all planes of the same 
height is the same, and equal to the velocity acquired by falling vertically through that 
height. 

But the velocities of two bodies, one falling through the perpendicular height, and 
one falling down the length of the plane, are respectively 

vszgt and o' = yf sin t . . . . (4) 

where t and f are the respective times occupied in filling: these ^presaioiia an there- 
fore equal, that is, 

. _ . . f ain • 

yt=yf am*.-. - =-j- 

So that the timi* of falling through the height is te the time of fidling down the plane, 
os the sine of the plane’s inolination to unity. 

If wo wish to know what oxtent of length down the plane a body will pass through, 
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wli3« anotber fiiUa tliiou({b the Bliole height, then refening to the expreaeion for tho 
^•ee (page 134), -are bare 

Vertical iUl, inoUaed fldl ia tiaM f, «= ip lin i. fi; 

A : « ;: 1 : sin t, or r = A sin I. 

li^ Uierefom, from B vo draw the perpendictilar B D, the length A D will be that 

frllen through by <me bedy moring down 
tiio plane A C, while another body fall* 
through the height A B, beoauao 
A‘D = ABcooA = ABsmC. 

If we draw the vertical D B', and B B' 
popendicular to D B, then, by thU thco« 
rem, the time of falling down the oblique 
line D B would equal the time of falling 
down tho vertical D B', for D B = I) B' 
co« D; but O B' = A B, riaco A B ia a 
parallelognun, therefore the time of full* 
ing down the vortical A B u the same aa the time of falling dou'n cither of the oblique 
lines AD, DB at right angles to one another: 
hence thin remarkable xnoperty of the circle, name¬ 
ly :—If from the extremities A, B, of the vertical 
diameter A B, chords be drawn, as in the annexed 
diagram, a body would fall down either of them in 
the latmn time ^at it would fall through the verti¬ 
cal diameter A B. 

The following are afew examples on fric motion 
of bodies down inclined planes:— 

1. If the length of an indined plane be CO ft^et, 
and its incliiuitionto the horuon 30^ what velocity 
would a body acquire in falling down it for two 
seconds? 

By the fiirmula (4), since sin 30' rr |, we have 
e =: pf mn « =: 32 3 X 2 X I = 82*2 feet per sec. 

Henoe the velodty is the same aa would be acquired by a vertical fall in one aocond. 

2. How long would a body be in falling down an incUnod fdane whose length is 100 
feet, M»d inclinatiQn 60” ? 

Substitotiagtlie acceleration p sin * for/, snd / Ibr s, in the expresuon for i, at page 
134, snd nsnmnherfngthat rin 60=’ = i |/3, we have 

400 20 . 



1 _ 

1 200 / 

JySai *' 

J52*2 XlV3“ VJ 


3. A body ia projected np aa inclined plane whose height is ith of its length, with 
avclocity of Wfcet. Find its place and vdocity after six seconds have elapsed. 

In this esse the force p J (equation 2) rslenfr the motion of the body, and must 

therefore be oonndeied as nsgative: hence, from equation (2) pago 136, we have 

s = r'<—Jp*f* 

= 60 X 6 —16*1 X I X 38=6 (00 — 16*1) =s 203*4 foet 
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= fiO — 32*2 = 17'8 feet, the velocii 7 required. 

4. If ebodj 1)0 projected up an inclined plane whose length is ten times its height, 
with a velocity of 30 fact, in what time wiU the velocity be destroyed, and the b^y 
begin to roll down ? 

The time is Obviously the some «s would be required to produce a velocity of .30 
feet in a body falling from rest down the same plane: hence, substituting the accclcra* 

tion y ^ for/in the expression fur t (page 134), wo have 


t 


__ __ 30 X 10 __ 300 

” fjh 32-2 X 1 3ir2 


= 9'3 seconds. 


In tho foregoing investigations, the student will observe that no allowance is made 
for the friction of Isidics rolling down inclined pianos; nor, whether bodies fall vertically, 
or obliquely as in this article, is the resistance of the air taken into account. These 
hindrances to free motion can be estimated only by practical and experimental researches, 
under various circumstances and conditions. The resistance of ^c air cannot be pro* 
vided against, as is obvious; but in piec<4 of delicate machinery, many ingenious con¬ 
trivances are resorted to, to diminish friction, and to render the deportwe from rigid 
mathematical theoty as trifling as possible. The subject of friction will come under 
consideration in tho treatise on Puacticai. MscitAyics. 

Tlin Fanllelogmun of ▼olocitiea.—The forces considered in Dynamics aro 
influences of the same kind os those considered in Statics; they merely exhibit their effects 
in a different manner. What in Statics produces pressure, would in Dynamics—^that 
is, if the thing prc8Si;d were removed—produce motion : tho effects in both cases being 
proportiiina^ to the causes:—a double pressuxo from tho same body, like a double ac- 
releratiun of velocity, implies a double force. 

It may, however, bt; proper hero to anticipate a difficulty which the student may 
pf>ssibly feel: he may perhaps reason thus:—** A weight of ten pounds produces a 
prcRiurc ten times that of one pound, yet the one pound weight, if let fall, is accelerated 
just as much as the ten pound weight; whereas from what is here said, it would seem 
that the heavier weight ought to be accelerated ton times as much as tiie lighter, seeing 
that its pressure is ten times as great." 

But this apparent difficulty con arise only from a wrong conception of what is stated 
alK>To: wo aro not comparing the pressure of different bodies under the tome foroo acting 
upon all their particles, but ^c pressure Of the tame body under different acting forces: 
for example, if tho same body were acted upon, now by the foVee of gravity, and here¬ 
after if the same body, or an equal body, were acted upon by a force cmly half that of 
gravity, then , as stated above, the effect in the former case, whether that effect be 
pressure or acceleration, would he double the like effect in the latter case. If it were 
otherwise, then the statical measure of force (preasun>} 
and tho dynamical measure (aooeleration of velocity) 
could not e^ of them be a eoirect measure or expression 
of the intensity of what wo call foroe. 

It has boon fully proved in Statics (page 44), that if 
two forces P and Q act at A, and A A C represent 
their dnections and intensitiea respectivdy, then will A D rojeeaent in direction 
and intensity tiieir eflbet. 
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The itatioal efR»ct remains tbe same howerer long the farces or pressures act, far. 
timt is no dement of consideration in Statics. Bat the dynamical effect is that at the 
instant the body acted on by the forces is at A, the continuous action of the forces 
•fUrteturdt not entering into consideration. 

The parallelogram of veloetties is independent of the parallelogram of forces. It irill 
be remembered that the Telocity of a body at any point of its i»ath is the space it 
fceiiAfpaasoTcr ina unit of time, provided its rate or qioed at that point were unifonnly 
continued during the unit of time. 

Suppose the body when at A were animated with a-volocity that would alone carry 
it uniformly along A to I), and with another velocity that would alone carry it 
uniformly along A C to C in the some time: these velocities may be considered as 
communicated by two simultaneous impulses in the directions A B, A C. the thing to 
be shown is, that the body would be carried uniformly along A D, and would arrive at 
D in the time spoken of. 

For while the body is moving uniformly from A to B, conceive that the line A B, 
with the moving body on it, is carried parallel to itself and with the second uniform 
velocity, up to C D: % tlie hypothesis, it wUl have arrived at C D in the same time that 
tbe body will have arrived at the extremity of tlie moving line; consequently, at tlic end 
of that time the body w*ill be found at D. And that it will have arrived then* with a i 
uniform motion along tbe diagonal A D, will appear from considering that if any | 
point of its path were out of liiat diagonal, the uniform relation of the compmeut ! 
velocities, namely, A B : AC, would there bo destroyed : that the diagonal is described 
with a uniform velocity,—or that equal portiona of it are passed over in e(|ual portions 
of the time, is plain, because the uniformly moving line A B passes over ct^uid portions 
of the diagonal in equal portiona of the time. 

Since in the preceding figure, trigonometry gives for A D the expression 
A = A IP+ B D» — 2 A B • B D cos A B D, 
and — cos A B D = *4- cos B A C, if the dirvetiuns of the component velocities 
r, r' mafcff an angle a with each other, then the resultant velocity V will be 

= *» 4- r** + 2^/ cos o 

From attending to rite former part of the preceding examination, it will be seen 
♦fiat, however iircgnlar the motion that would carry A to B, and however irregular the 
motion that would carry it to C, in the same time, the resultant of the two motions 
would necessarily carry it to D in that time, although not by the path A D, except the 
two component motions, during siniultaneous portions of tbo time, arc always as A B 
to A C. This truth will bo of considerable importance in the next article on projectiles. 

Ob th* —*«**«ws of VMdeetUos.—If a body bo projected obliquely upward or 
downward, the attractive force of gravity will cause it to take a curvilinear path. If the 
velocity of projection bo considerable, and tbe body projected present much surface to 
the atmoqihere, the rcristanco of the air will greatly modify the form of the curved 
path, and the range of the projeotUe; and it is no easy matter to determine one or the 
other. But if thehody beauiqiosedto movefoeofirom each obatraction (as inavaouum}, 
ay the cinumstancca connect^ with the flightof a projectile can be readily ascertained 
as with a close degree of approximation, even in actual practice, if the velod^ of 
projection he but small. • 

Supporing atmospberie reautanoe to he removed, tbe path of the projectile will 
always be the oonie section called ajpersMs (see PaaemoaL Osoxetuy, page 4i4), 
as wo now proceed to show. 


A PABABOLA. 


141* 


Path of PvoJoetUe a Fanhola. — Let A B bo tlu> duvction in vbich a bod^ is 
ptojocted from tbu point A, with a velocity r. If no other motion were impressed upon 
the body, it would move uniformly along A B with the original velocity v, and in 
tscconds would arrive at B. supposing A B = But os gravity acts cathe body from 
the oommoncemont^this force alone, in £ seconds, would draw the body dowjt, along A C, 
to C, supposing A C = ^ . 9 ^ (pngc 134). 

Consequently, completing the paiullelogram B C, the body in t seconds is found at 
P, as proved at the close of lost article. I'iuw 

C P = A B = r<, and = 

C1” 2v- 

A C ~ y 

This is what is called the equatiou to a parabola^ A B parallel to C P being a 
tangent to the curve at the point and 


CP»= —.AO 
V 


0 ) 


A C being poraUcl to tlie axis. The 
equation is usually written thus: y* = 
nx, where y is the ordinate C P of any 
point P, and x the abscissa A C, of tliat 
]Miint, while a is any constant multi- 
])lu‘r of the abscissa. The equation when 
A is at the rtrtex of the curve, is 
investigated at page 444 of the PiukC- 
TiC'.vL Geomktuy. It follows, therefore, 
that the projectile in its flight always 
traces out a parabola: the constant 

2r* 

multiplier in its equation is It 

is knowu from the theory of the para- 
that this constant multiplier is 
also 4 S A, S being the focus of the 
rurve : it is further known, and is proved 
at the page just refenx'd to, that the 
distance A S of any point A in the curve 
from the focus, is always equal to the 
di "Stance of the same point from the 
dtrirtrix. Let this distance bo called A, then 

4 S A = -— = 4/i 
3 



(«5 = 0 


2yA 


( 2 ) 


But this value expresses the square of the velocity which a body would acquire, 
from tno force of gravity y, by falling from rest, from the height h; consequently, the 
velocity of projection is equal to that which the body would acquire by falling from the 
directrix of the parabola, which it traces, down to the point of projection. 

^ Velocity at any point of the Path. —It bos just been shown that A bmng the 
point of projection, and p the velocity of projection, that velocity will be t? = • S A). 

But any point P of the path may bo rcganicnl as the point of projection, and the 
corresponding velocity as Uic velocity of projection, so that the expression (2) applies 
equally to any point in the curve traced, A being the distance of that point below 
the directrix, and p the velocity at the some point, licnee, tbo velocity of the pro¬ 
jectile at any point of its course is the some as the velocity it would acquire by 
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TortiotUy from the dBrectrix down to tlut point. And it further iuUowi, 
that at equal E otght*, in ascending and dosocnding, the projcciilo will hATO equal 
eelotttiea. 

<lawataat Saiglit*—In order to ascertain the greatest height to which the pro* 
joctile will aaoendy wc must of course know the velocity of projectiqp, and the direction 

that velocity. It will also be convenient to replaoe this velocity by two component 
volooitics equivalent to it in effectthe one a horizontal velocity, and tlio other a 
vertical velocity (sec page 140). If a Ih' the angle of projection, that is, the angle of 
elevation of the initial direction above the horizonal lino, then the vchK'ity r of pro¬ 
jection will be e<paiYalcut to the horizontal velocity v cos a, combined w'itb the vertical 
velocity c sin a. 

Xuw, it is plain that gravity, which acts only in a ivrDVti/ direction, cannot in any 
way disturb tbe horismUtd velocity r cos a, so that this velocity is tb«) saute at every 
point of tbe path. But the vertical velocity t* sin a, having the whole iufluenoo of 
gravity to check and oppose it, will be utterly destroyed and reduced to 0, wbun 
gravity has acted sufficiently long to impress on the lK>dy (suppo-sing it left free to obey 
its solicitations) a downward velocity equal to the upward vdoetty v sin a. The spaces 
through which a hotly must fall to acquire this velocity, or the height to which it 
must ascend to lose this velocity, is 

* = 4 '-^ 1 - - — = A sm* a (»*y cijua. 2) 

Hence, the greatest height to whit h the projectile discharged in a given direction 
can ascend, will be found by multiplying the height (A) through u hieJi a body must 
fall, t«» acquire tlie velocity (r) of prt>jcctiou, by the squaiu of tbe sine of the angle (a) 
of elevation. 

AVilh the same projectile velocity r, the highest point to w*hioh the projectile ran 
ascend under ditferent elevations, will of ctiursu be ibat due to the elevation of UO ; 
and we se-e accordingly, that the multiplier sin* a is greater for this value of a, than 
for any other. ^ 

Time of Flight. —The time occupied in the flight of the projectile, that is, the 
time from discharging it till it falls to the horizontal plane parsing through the point of 
departure, will of course he double tlie time in w'hieh the vcrtii'al vcloi-ity is destroyvil, 
os the bcKly must fall to the horizontal ]ilano with the same vertical velocity with which 
it left It. The time in which, by gravity, the vcltK-iiy e sin a would be generated, is 

^_vd^ocitv_r pin a 

— ~ f ~ — ' if 

2/ = 2 —the time of flight. 

The time of flight, therefore, as might be cz]>cctcd, is tho greater (with the same 
vcloaty of projection), the nearer the direction of projection approaches to the vertical; 
since sin a increases if • increases and dues not exceed 90'. 

X4Uk(w of tbe Psolaetile.—The range is the distance on tho horizontal plane, 
through the point of departure at which tlie projectile falls, it has just been seen that 

the lime of flight is 2 ^ ^ and since the horizontal velocity r cos a is uniform nil 

0 * 

this time, wc hare only to find tho space due to the velocity v cos « in tho time 

e sm a . , 

2 — —, that IS, wc have 
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Eange = e cos « X 2 


rsina v'XSsmscosa 


• n 

= — su 2a 
9 

sin 2a increases. 


9 9 

Hence, with the same velodty «> of projection, the range inereases 
ftoA this it does as a increases from a ~ 0 tip to a r= : therefore, with the same yolo> 
city of projection,the range at an cleration of *5“ arUl he greater than at any other 
cleyation whalcyer. And since the sine of an angle is the same as the sine of its supple*, 
inent, that is, sinco sin 2a is the same as sin (180” — 2a), it follows that the eleyation 
90” — a giyes the same range as tlic elevation a: hence the ranges of projectiles, at any 
elevations abovo 45”, arc the same as the ranges at devations as much below 46\ 

« 

The length of the tnaximum langc, that is, when a = 45”, is shown above to be —; 

9 

^ being the initial velocity, and this, as proved at page 141 (equation 2), is the same as 
2 A: BO that the length of the maximum range is cqiud to twice the height due to the 
velocity of projection. 

If the rang^ of a shot with a known elevation of the piece be ascertained, it will be 
easy to determine what the range would be with the some chaise of powder at any other 
elevation. For calling the maximum range, or that due to the elevation a = 45”, R, and 
the range due to any other elevation (a') r', we have, from the result just deduced, 
»• = R sin 2a'; so that by help of the maximum range, any other range, with the same 
charge, may be cosily found. Or if we know any range r, corresponding to the eleva¬ 
tion a, then to dctcnainc the range r', corresponding to another elevation a', we have the 
two equations, 

r' = R sin 2a' and r = R sin 2a 

r* sin 2a’ sin 2a' 

—r-, —77“ r. 

r sin 2a am 2a- 

The following are the principal results in the foregoing theory of projectiles in a 
non-resisting medium:— 


Time of flight, / = 2 - sin a = 2 sin a A—t 
9 - 5^ 

r- 

Range. r = — sin 2a = 2A sin 2a, 

9 I 

(Jrcatcsf range, R = L =: 2A, 

9 

Greatest height, 11 = /< sin- a. 

Where g is 32-2 feet, a the angle of clcvatioir, v the vdocity of projection, and h the , 
height from which a body must fall from rest to acquire that velocity. 

Tlicse results, however, ought to be regarded as but purely theoretical. In practice 
lue resistance of the air is so great in high velocities, as to render them almost useless: 
the mathematical doctrine of projectiles, through a resisting atmosphere, is fall of diffi¬ 
culties , and as the laws of resistance art‘ us yet but insufficiently established, practical 
men must bo guided chiefly by the results of actual cx]>erimcnt. The experiments in 
gunnery, by Dr. Hutton, us given in his ** Mathomutical Tracts,*' may be ooinulted with 
advantage. 

Cixcnlas Kotion—Oentxifugal Foxce. —If a body move unifoilnly in the cir¬ 
cumference of a circle, the force to which that motion if duo must reside in the centre of 
that circle. This is only a particular case of tlie follow-ing more general proposition: 
namely, that if a body describe any curve, in virtue of a force oontinuaUy diverting it i 
from its wonted rectilinear path, t^t force must reside in a point such that, conceiving j 
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a line to join t&at point 'vith tho moving body, tbia lino, moving vitb the body, must 
•weep over equal sectional areas in equal times. 

This may be readily ]Hovod by first establishing tho direct proposition, namely—that 
if a body deacribe a curve about any centre of foroc, and a line be supposed to unite that 
centre with the body, equal areas will be described in equal times. 

Lot an attractive force at S act upon a body at the d^tance S B; and to amplify tho 
inquiry, at first that instead of acting continuously, tho force exerts itself only 

at short regular intervals; that, in fact, it consists of only equal 
Bucoesaive impulses. 

Let A B be tho reetilincar path dcaferibed by tho body during 
any one interval between two succe^ve impulses. At B the 
impulse is repeated, and tho course of the body is diverted into 
the new path B C, which is di'scribed during the next interval, at 
the end of which another impulse, in the direction C $, bends its 
path again, and so fm. In tho two inter^’sls here considered, tho 
triangular areas SAB, SBC, will have been describLd; and it 
will be easy to show that these areas, thus described in equal 
times, arc equal. For when the body was at B, no fresh im¬ 
pulse had been given to it, it would have moved forward uni¬ 
formly to M, deserihing B M, tlie continuation of A B, equal 
A B; in which case the triangular areas S A D, S B M, would, of 
course, have been equal: it remains to show that the latter of 
these is also equal to the triangular area SBC. 

The impulse from S, if it had acted alone on the body when at D, would have 
brought it to some point N in B S, in the prescribed interval of time ; and its unifona 
motion along A B, if undisturbed, would in the same interval hare brought it to M. In 
virtue of these two uniform motions, the one from B hi N, and the other from B to M, in 
the riinp, the actual motion of the body is along the diagonal B C of the porailclo- 
gnun M N. Hence M C being parallel to B S, the two triangles B M S, B C S, upon the 
■amo base B 3, ore between the same parallels, and 
are therefore equal; therefore tho triangle B C S is 
equal to the triangle A B S. It follows, therefow, 
tW. in the equal times, equal triangular spaces have 
been described. 

In the same manner as it bos now been shown, 
that the triangular area SAB, dcscribeil in tho 
first interval of time, is equal to that 8 B C de- 
scribc4 in the aecond equal interval, so may it bo 
shown that the triangular area described in the 
third interval is equal to that described in tho 
aecond, and BO mu Hence these triangular areas, os 
figured in the max^ being all equal, it follows, 
any number of them in one area, that equal 
areaewre thus described in equal times. 

As this is true, however ■m«l| the individual intervals of time between tho impnlsea 
may be, it is true when these intervals are insensibly small, or when the succeosive im- 
pnlaes follow in one continuous force, and the lines A B, B C, &c., unite in one 
tmoous curve. Hence, when a body is constrained to move in a curve, by the continu- 
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out aotkoL of a ccotral foroo, oqual areas are described about the ocntze of force in equal 
times. 

ConTersoly, if equal areas aro described about a point in equal times, the centre of 
force goveming the motion of the body must be at that point. 

Suppose the two equal arcus 8 A B, B B C, to be described about 8 in equal tim* s 
(Fig. at page 144): then if tbo force acting on B wore not in the direction B S, M C, 
parallel to the direction of the force, would not be parallel to B S; that is, two triangles 
S B C, B B M on the same base B S, though not between the same parallels, are equal, 
whicli is impossible (£uc. 40 of 1.). 

It follows from this that, if a body under the influence of a continuous force, more 
uniformly in tlie circumference of a circle, the force must be at the centre of that circle, 
. because equal sectional areas arc described in equal times, ainoe equal arcs are. 

Thu force by which a body moving in a curve is drawn at any instant towards the 
centre of attraction S, is colled the centripetal force at the distance the body is at that 
instant: the opposing force with which the body tends to fly off from the centre, and 
proceed in a rectilinear path, is called tbo centrifugal force. In circular motion these 
forces arc everywhere exactly equal; for (y| □ ^ 

neither, at any point of the circular path, j ^ 

prevails over tins other, the distance from _^ 

the centre of force S being everywhere tbo " \ 

Marne. Ijct the arc A B be described in one / \ \ 

second: draw B £ perpendicular to A B; / \ \ 

then in one sctcond the body, originally at / \ 

A, will have fallen from its wonted straight i \ 

path A M, a distance = A £ towards \ " S ; 

attractive force at S : hence, 2 A E expresses \ V / 

the intensity of that force (x>age 1.1.5) acting \ \ / 

on A. Join B A'; then since the arc A B \ \ / 

ditfers ins<-'nsibly from its chord (for the \ x 

time of describing it may be regarded as 

minute as we please), we may regard ABA' A' 

us a lighb-anglud plmie triangle, since the angle B is in a semicircle; therefore (Euc. 8, Vl.j 

AE:AB::AB:AA' 


A B* __ A B5 
A £ _ A A' 2 A S ■ 


2 A E _ S • 


Now 2 A E represents the accelerating force at S, or, taken in an opposite direction, 
it represents the centrifug^ force f and A B representa the velocity v in the curve; con¬ 
sequently the centrifugal force y , where r radius. 

If as usual «- be made to stand fur the number 3*14159, Ac., the whole circumference 
of the circle will be 2 w r; therefore, calling the whole time of describing the circum¬ 
ference—that is, the periodic time, t —and remembering that the unifoim velocity v is 
equal to the whole space ^vided by the whole time, wo have 

2 w r - 4 IT- r • 

«’=—» /=“• 

In the foregoing reasoning we are required to take / so many oeeonda; but the unit 
of time may bo regarded as much amallwr than this as wo please; and thus the error of 
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«uufott|Mliiig the arc A It with ita chord may be entirely remored, so that we may cou* 
elude rigorottdy that— * 

The centiifagal force in a circle Tories as the radiiu dmded by the square of the 

4 R 

time of describing it: thus, for another circle we should haw F =: — ; 

. r. p .. »• It , 

where y) F stand few the centrifugal or centripetal forces nt the respective centit s of 
circli‘8 of radii r. It, and in which tlie ]K>riodic times are t, T. If R z= r, that is, ii Uu< 
circles arc equal, the centrifugal forccsF,/aro inversely ai> the squares of the times T, t. 

An interesting application of these results U to the dt'U'nuintUion of the ccutrilu;;:d 
force at different places on the surface of the earth, from knowing the time of one rota* 
tion on ita axis. But in studying this application, the student wtU not &il to obsc-rve 
that the circular phth of a Inidy, on the surface of the rotuting earth, is not described 
under the same circumstances aa the circular path is considered to be described in the 
present article. Heiv thoru is no solid matter interposed between the circulating body 
ami the central force; there is nothing to prevent its falling to the centre at any point 
of ita orbit; it is kept always at the some distance from the centre, aimply U'cauH* 
tiiu force pulling it towards that centre is exactly balanced by that driving it from it ; 
the centrifugal force is just sufBcient to deprive the body of ull weight or preasuic to 
words the centre. AVith the earth it is different: if a perforation lie bored in the carlit, 
1»eneath a body on its surface, the bttdy will fall down it; because the centrifugal ton <. 
driving it from the centre, is less than the attractuig, or centripetal, force pulling it the 
other way. 

Centxifiigal Force at the Sazth’e ftoaface. —The earth, by ita diiunal rota¬ 
tion, carries round, w'itli a uniform veliK'ity, every point on its aurfoce in 86161 secuiids. 
At the equator the radius U is about 20022000 feet; tbereiore the centrifugal force F .it 
the equator is 

4 jrtt 4_._XW220ff 5 

As this force opposes the force of gravity, it follows that if the earth had no rntatixn 
on ita axis—that is, if no centrifugal force existed—gravity at the equator, instead of U-ing 
what it really is, namely, = S2‘088 feet, would be (i = y -4- ’11124<j, and thus the 

■lir^-lo 

weight of a body there would be a go.Jjjg more than it actually is. 

The ratio of G to F* being 

« 32 100 : -1112 or 280 : 1 neaily ; 

Now every parallel to the equator being carried round in the some time T, as tlie 
equator itself, by representing the centrifugal force in the parallel whose latitude i« 
and radius r, by /, we shall have , 


F “ R R == 280 ®°“ ^ * * * 


Since, as is evident, r = R cos /. 

The force of gravity is not diminished by the whole of the ccntrifugsl force, except at 
equator; because in any parallel F A F this force acts, not in the directum F ^ 
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wholly opposud to the force of g^ravity, but in the direction P'jv'. If, therefore, we de¬ 
compose tho force V'p’ in tho 
perpendicular directions Fjs, 

P'y, the former component,’ 
ht'ing directly oppost'd to the 
forue of gravity, and the lat¬ 
ter component being a force 
acting tangentially, and there¬ 
fore urging the particle P to¬ 
wards the equator, wc shall 
have 

Forro opposing gravity, 

P' 7 >=rl’'/>' cmpV'p' = f cos /, 

Hence (2) tho expression 
for the diminution of gravity, 
in consequence of centrifugal 
force, at latitude /, is 



Cir 

Dimiuution of equatorial gravity G Li lot I cos- 1. 

Consequently the amount of diminution varies os the square of the rosinc of th' 
liititude. 

The other c‘oniponont P' y of the centrifugal force at I*, being tangential, tends to 
d.rivf the ]t'irticlea of the revolving lx>dy from the region of the poles to that of the 
■ ■(piator, ami to cause the body to assume the figure of an oblate spheroid, which is the 
figure that the earth has assumed : the expression for the tangential force is 

G G 

Tangential force, P'y —f sin I = ggj)®**' sj" 2/, 

which therefore varies as the 8in<; of twice tlie latitude. The force thus tending to 
acfimimlate matter about the equatorial regions is obviously greatest at lat 45’, for there 
■ 21 = 1 . 

From the fwegoing principles wc may readily determine the time in which the caith 
inu«t perform its diurnal rotation, in order that the centrifugal fon-e nt tlie equator may 
1" exactly equal to the force of gravity there; that is, iu order that a body at the 
c.iuntor may have no weight. 

Let T' represent the time of rotation corresponding to which the centrifugal force 
would be equal to thot of gr.ivity G ; then the time at present being T, since tho centri¬ 
fugal foret'S in the same, circle are inversely os the squares of the times of describing 
that circle (page 146), wo have equation (1) 

G 

O . -JL .. T- ■ T'* ‘ 

^T_ r 

V/ 2«t» “17* 

Hence, if the diurnal rotation of the earth wero performed in tho 17th part of ihc 
time really occupied—that is, if it were to turn round seventeen, times as rapidly— 
bodies at tho equator would lose all their w’cight; and wRuld, therefijre, if placed at a 
small distance above tho surface, remain suspended without any Bup]>ort. If tho rotation 
were more rapid than this, no body could remain on the surface: everything would be 
repelled from it by the centrifugal force. 
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liluM iMen dt-monstratod, however, (hat a a]>heroid, if fluid, and of the same denaity 
aa the earth, could not remain in equilibrium if it were to rotate in a ahortcr time than 
2h. 35m. 368. (Sec “ Airy’a Tract*,” second etlition, p. 150.) 

From what has now bran shown, it will bo observed that the auperior aooumnlation 
of matter about the equatorial reirions of the earth arises from two circumstances, or 
the rather it is a twofold clFrat of the same cause. The centriAigal force generated by 
the diurnal rotaUon, acting in planes perpendicular to the axis, and on all the particles in 
each plane, and on the remoter particles of the plane more intensely than on the nearer, 
necessarily occasions the surface of the earth alKmt the equator to recode more from ibo 
axis of n)tation titan the surface nearer to the poles. If the c>arih were not a rotatinir 
btxiy, and an external influence opposed to that of gravitation were to ditfusi* itst'lf liki- 
I a belt round the equatorial regions, the matter \uider this btdt would yield to the in¬ 
fluence, and bulge out; and supposing the entire surface t^ be fluid, the waters of the 
polar regions would become proportionately depressed. But in the actual case the 
bulging out occasioned by the direct centrifugal force at the equator, exceeding the 
direct centrifugal force at every other pnrulli-1 of latitude, is further increased by nil 
these paraltol* Contributing indirectly to the enlargement of the equator, as well as 
directly to the enlargement of itself; for, as shown above, the equator is the only one 
of the rotating circles which expend-* none of the force upon it in a tangential 
direetion. Every other circle-~every parallel of latitude on either side, rontributi-s 
tangentially its own supply of matter towards the equatorial rcgioiw, this supply, 
however, becoming leas and loss as the parallels recede front that of 4o’. 

i »n account of the solid materials of which a portion of the earth is composed, and 
I the particles of which resist separation by their cohesion, the effecti of ccntrifugnl forcr 
are in some dogn’C counteracted; hut it is the general opinion of philosophers, that the 
‘ present solid ports of the earth were once in a fluid or semi-fluid state—in fact, in a 
state of fnsion; and that the outer crust has become stdidifii-d by cooling. 

I But those portions of the earth’s surface which still remain fluid, observably yield 
; to the tangential influence of the centrifugal force. There is a tendency, os idxwrvation 
! shows, in the waters north and south of the equator to flow towards that cin Ic ; and as 
they flow {torn parts where the velocity of the diurnal rotation is less than the velocity 
at the equator, the streams from high latitudes are gradually left more and more behind 
in their lateral approach to the equator, where the diurnal velocity is greatest. As this 
velocity is towards the cast, we may therefore expect to mct>t with great westerly 
currents in the open seas north and south of the equator, which is confoimablo to 
experience. 

SECTION II.—MOVING FORCES. 

In the fraegotng section of the present elementary treatise we have canflnod our 
attention exclnsively to motion, unconnected with any considerations in referenoe to the 
quantity of matter moved. And although we hove repeatedly used the term 5o^, yet 
we have paid no regard to bulk or weight. The forces with which wo have been dol¬ 
ing have, indeed, throughout‘boon supposed to ho analogous to the force of gravity, 
which gives the ■*«»« velocity, in the same circumstances, to a single particle of mstter 
■a to the largest volume. We propose now to outer upon a few inquinM in which it 
will he necessary to take into account quantity of matt^; and aa preUminary to these, 
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tiumG explanation must be given of the leuee in which corUia teraoB, hereafter to be 
employed, are to be understood. 

Every person has a tolerably clear notion of iceight : if two substances, however dif¬ 
fering in bulk or volume, have the same weight at the same place, we infer that they 
contain the same quantities of matter; this is briefly expressed saying that they arc 
c‘(|ual in num. Tet mass and weight are not to be regarded as expressing the same ■ 
thing: if any mass, or quantity of matter, were weighed at the pole, and then the same ' 
mass weighed at the equator, these weights would be different; though of course the^ ; 
transportation of the matter, from the polo to the equator, could not produce any change j 
in its constitution. (See Froperlia of Matter, p. 12.) 

A solid body may bo considered as made up of particles or atoms, the aggregate of * 
which constitute its volume; these particles may bo packed (so to say) more closely in > 
one body than in another of the same volume; so that the former may contain a greater i 
quantity of matter than the latter; that is, a greater number of particles. Bcferring to i 
< this more compact constitution of the body, wc say that it is more deme than the other \ 
body. Density, therefore, has reference to the quantity of matter in a given bulk; and j 
if of two bodies of equal bulk, one be found to weigh, at the same place, m times as | 
much as the other, the former is said to hare m times the density of the otlier; it con- I 
tains m times the quantity of matter, and is therefore m times the mass of the other. ! 
The proper way, ther^ore, to represent the mass of any %'olumo V, with a view to a < 
I correct comparison with other volumes, is this: Mass = Density X Volume; or, in 
symbols, M = D V. And it is to be observed that density is employed only compara¬ 
tively, not absolutely ; os when wc say that lead has about seven times the density of ' 
water, wo mean that about seven times os much matter is packed into a given volume 
' of lead, as into gn equal volume of water; so that the moss of a cubic inch of lead is 
I i.oven times the mass of a cubic inch of water. 

As already observed, the mass of a body is proportional to its weight at the same ' 
place: the dynamical effect of this weight (W), or rather its dynamical measure, is 
‘ g, vhem M is the m.'iss and g the force of gravity acting on it. And, in like manner, 
i if a force / analogous to, but different in intensity from gravity, were to act on the mass . 

.^I, the dynamical measure of the effect would be which is called the moving force ; 

' .Ml that in the equation F = M/, M is the mass, or quantity of matter moved, / is the : 
.'iccelerating force acting on it, and F is the moving force, the dynamical measure of the ! 
effect. In statics this would be pressure or tension. 

The product of the mass by velocity with which it moves, is called the motnen- ^ 

' turn of the body ; as the velocity increases, therefore, so does the momentum. In uniform 
, velocity, the momentum is constant: in uniformly accelerated velocity, sulditional mo- 
I ruentum is generated every second; the increments of momentum being constant, like j 
lUe increments of velocity. In the preceding expression for F, namely, F = M/, / is no i 
other than the eonstont increment of velocity generated in one second ; consequently the | 
momentum generated in one second expresses, in fact, the moving force F; just as the 
velocity generated in one second represents the accelerating force/. j 

This latter force, as sufficiently seen in the preceding sectioq, is all we have to I 
attend to in ihvostigating the motion of any single body subjected to its influence. As ! 
It acts upon all tlic particles of the body alike, the consideration of the number of these t 
particles, or the mass of the body, would be supertuous. Bht when, instead of a j 
single isolated body, wo have to examine into the motions of a system of bodies, con- | 
ncctcd together by any ties, os cords, rods, &o., or mutually acting upou one another iu I 
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' any wipr* then, as it is easy to perceive, the qoautity of matter in each body beemnss an 
‘ important item of ccmsideratioii. | 

I From vrhat baa now been said, the student will bo prepared to give his asaent to f 
’ the fitUowing expressions, where V represents volume, and D densit}’:— 

The mam M = D V; 

F 

The moving force F = M/.%the accelerating force, 

The momentum = Mr. ; 

ff 

But in order that he may attach an intelligible meaning to these symbols snd 
relations, and may not mistake their proper signification, we shall here exemplify their 
interpretation in a particular case. 

I Suppose the volomo of a body, that is, its magnitude, to bo 10 cubic feet, and that in 
, each cubic foot there is three times the quantity of matter that there is in a cubic foot i 
\ «)f some standard substance—say pure water. Then representing the density of water , 
j iir unity or 1, the quantity of matter in the body before us, that is, the mass M, wUl be I 

M = D V z= 3 X 10 = the mass of 80 cubic feet of pure water; | 

that is to say, there is as much matter in the pro{)oscd 10 cubic feet as there is in 30 
I cubic feet of pure water. 

i If this moss move with a uniform velocity of 12 feet per second, the momentum of 
it, or the force of the blow with which it would strike an obstacle, would be 
: Mr = the momentum of 30 cubic feet of pure water, or of 30 cubic feet of a sub- 

i stance of the same density as water, moving at the same rate,—ru., 12 fi-et 

' per second. ■ 

If the velocity of the moving mass, insh'ad of being uniform, is constantly accelerated, , 
the constant acceleration beingy = C feet per second, then there is an* acceleration or 
accumulation of momentum *, and as, when uniform, the momentum is M r, so the con¬ 
stant accumulation of it, called the moving force, is 

M/ = the moving force (or constant accumulation of momentum) of 30 cubic feet of 
a substance of the same density as water accelerated 6 feet per second. 

When the velocity of the moving body is uniform, there is no moving force, that is, 
thero is no accumulation of momentum, because there is no accumulation of velocity. 

.; If motion be not the result of the force / acting on the body, the eficct must be pressuru 
or weight. | 

The preceding explanation of the sense in which the symbols arc to be underatood, 
may be varied a little os follows:—Let the quantity of matter in a cubic foot of pure 
water be taken for the unit of mass, and the density of pure water for the unit of density. ' 
^ Let the momentum of a cubic foot of pure water, or of a substance of equal density, 
i moving with a uniform veloci^ of one foot per second, bo taken for the unit of momcn- > 
turn. Let the accumulatien of momentum, or the constant quantity of momentum 
generated in one second in a cubic f«x»t of pure water, or in the same volume of a suh- 
Btanco of equal density, moving with an accelerating velocity of one foot per second, bo j 
; taken for the unit of moving force. Then V representing the mmAer of cubic feet in the 
I volume of any body B, M the mtnibtr of units of mass, v the nmAer of feet per second 
I in tite velocity, and/the miarier of feet per second of scoelention, we shall have 
! *' M = D y, the mynber of units of mass in the body B 

Me, the number of units of momentum 
if/, the number of units of moving force. 

We •b*B now proceed to some applications of the theory of moving forces. 



EXA.UPLSS 07 lf0VI2(0 TOBCES. 


151 


4 


▲pplieatioas of MCoTiiig Foarcos.—1. Two heavy bodipa whose masses are 
M, M', are connected together by a string which passes over a fixed 
pulley: required the circumstances of the motion. 

Ixit M be the greater of the two masses; then Id — M' is the mass 
which, acted upon by gravity, causes M to descend and M' to ascend. j | 
The moving force F, therefore, to which the motion is due, is F= (M— ■ ( 

M') ; and therefore the accelerating force /, wliich, as above, is equal I I 

t(« F divided by the entire moss moved, is I j 

! { 

ir+M' [ I 

And since the velocity gcncnitcd in t seconds is //, and tbe space j ' 

passed over (page 134), we shall have, for the velocity of M douTi- f i 

wards, or of M' upwards in t seconds, i | 

M —M' - , , M —M' 1 ^ 

"=sr+ir ^ '=i 5ir+ M’ I # 

Tlicst' expressions determine tlie velocity with which M descends at tho 
end (>f t seconds, and the space through wbidi it will hare fallen in that 
lime. 

Teaoion of tho Striag.—If the string were fastened to tho pulley, so as to 
prevent motion, M, acted upon by the accelerating force of gravity y, would exert upon 
it a pressure or tension My; but this is diminished in conscqucnco of a part of the 
accelerating force, namely/, acting upon M, and wholly expended in produemg motion: 
hence the pressure or tensiou sufiured by the string is only the difference between the 
two prusBurca, namely: 

M —M' , 2MM' 

T — M (y /) _ M (y ^ y) _ jjqpg; g. 

This, therefore, is the expression for tho tension of tluj string. With regard to the other 
mass, M, not only is the accelerating force of gravity y, acting downwards upon M', 
wholly exerted in stretching the string, but the upward accelerating force / in addition: 
iu’ncc tho pressure or tension diic to M' is 

T = M (y+/) = M (y + y) _ y, 

the name as before; as of course it ought to be. 

FxeMUM oa the Axis of tho Fulley.—^What is tension as respects the 
siring, becomes, of course, pressure when acting on the pulley. As tho tension of the 
string is on each side tho same, namely, T, as determined above, therefore the pressure 
on tho pulley ia twice this, namely: 4 M M' 

Pressure on axis of pulley = jj ^ y. 

It is scarcely necessary to remind the student that any moss multiplied by y, in 
other words, tho moving force duo to gravity, is mere weight when exerted statically. 

Thus, ot^g tho weighta of tho mosses M and M', W and W' respectively, we shall 

2 W W' 

find that the foregoing expression for T is tho same aa T = 

For the expression at first given may evidently bo erritten thus, namely:— 

2MyJ^. 

^ “ My + M 'y 

Suppose, for instance, the weights hanging to tho string were 7 lbs. and 5 Ibl. 
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reqwctiTdy; then the tension of the string would be ^ lbs. = 63 lbs.; tlmt 

is, n Wttght of 6| lbs. would, if suspended to a fixed string, produce the same tension as 
is aotuallj produced in the moving string. In like manner, the axis of the pulley sus¬ 
tains a pTessure equal to 11| lbs. As the masses are proportional to the weights, we 
may, in a umilar way, get a numerical expression for tho aooelomtiTo force /—that is, 
by substituting the weights for the masses in the above value of/. Thus, taking the 
weights as here assumed, we have 

Acceleration,/ = 32*2 = 6'36 foot per second, 

the aeeelcrating force that gives motion to the system being 1th of tho accelerative force 
of gravity. 

As already noticed!^ the moving force Mjt, which combines quantity of mutter u*ith 
tho force acting upon it, is preuur* or tetipht when motion is not the result of the 
action of the force on the mass. The symbol g, thercfiire, which stands for acrelcration 
in Dynamics, should stand for pressure or weight iu Statiro, as in the expn>ssion for T 
given above, nsmcly, 

2WV(' 

— My + M y •" W + W 

The learner, therefore, will not fall into the mistake of regarding such an expression 
as W = My eqmvalent to the statement, that “ weight is equal to mass multiplied by 
32*2 feet.*’ This would, of course, be absurd. The symbol y hero stands for “ tin* 
weight impressed by gravity on the unit of mass,” whatever that unit may Im‘ wlected 
to l)c. The unit of mass being assumed or fixed upon by common consent, tbi>n, in the 
above expression, M is tbc number of these units iu the body referred to, and y tbo 
weight of one of them. 

llic unit of mass is usually taken equivalent to a cubic foot of distilled water, at 
the temperature 60’of Fahrenheit’s tbennometer. The weight of this unit is KiOO 
ounces avoirdupois; and the n'eight W of any body whatever, containing in it M times 
the quantity of matter contained in one cubic foot of distilled water, will always be 
W = M X 1000 ounces; and the same would obviously be tho ease if the luiit of mass 
were an 3 rthing else, y representing always the weight of that unit. 

Whenever, in amy mechanical inqiiir)', tlie investigation involves the mix<>«l eon- 
eidcration of motion and statical pressure, although the motion and the pressure may be 
equally due to the same thing, and the same symbol (y for instance) be employed 
indifferently for the one or other of these different effects, yet, as tho effect is all that 
we intend the symbol to represent, it is plain that its signification in the one case must 
l>c different from its signification in the other. And it is of importance that the student 
.always bear this in remembrance: he will find some further reference to the matter in 
the treatise on Htdrostatics. 

2. Two weights W, W', connected by a string passing over a small pulley C, arc 

placed upon tho two incli¬ 
ned planes C A, C B: it is 
required to determine the cir¬ 
cumstances of tlieir motion. 
Let, as before, M, M' ro- 
n present tho two masses. The 



moving force of W, in the direction W A, is My sin i; and the moving force of W', in 
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tlio direotioa W' B, is M'^ sin f: these oppose one another, so that the moving force 
F, to which the motion is due, is the difforence of them, namely:— 

F = (M sin I r- M' sin f )y. 

And consequently the accolcraUng fowe /, which is cqusl to F divided by the sum 
of the masses move^ is 

. M sin t ^ M' sin f 

^ -ir^na? 

This Ihercfore is the expression for the accelerating force which urges W down the 
plane C A, and which, consequently, draws W' up the plane C B. 

And since the velocity generated in t seconds is ft, and the space passed over 
the velocity acquired by W downwards, or by W' upwards, in t seconds, is 

if sin I ir M' sin t’ 

- --VT-T-TT- 


and the space described is « = 


M sin i M' sin t* 


If the two planes were vertical, the problem would become identical with the last; 
we sliould then have sin i and sin i each equal to 1; and wc sec that the expressions 
for r, s would be those already deduced. 

If only one of the planes were vertical, the problem would be converted into this, 
namely, to determine the circumstances of the niotiuu whan one body W, hanging ver¬ 
tically, draws another body W' up an inclined plane. In this case, sin i =: 1; and we 
l.ave only to put this in the preceding expressions, in order to obtain tlie necessary 
particulars of the motion. 

.\gain, if one of the planes were vertical and the other horixoiital, tlie problem would 
be to determine the motion when W, hanging vertically, draws W’ along a hurixontal 
]ilane. In this case, sin i == 1, and sin t" = 0; bo that the accelerating force w'ould bo 

M -1- M' 

Tension of tlie String.—For the tension of the string, under the original con 
ditn-us, we have, if W bo the descending weight, 


T = M (y sin 1 — 
M M' 


M sin s — M' sin f* 
M + M~ 


“ M ' * + ““ ^ 

which becomes tho same os the expression for T in the last problem, when sin » and 
sin » arc each of them 1. By substituting W for My, and W' for M'y, in each of the 
fi'r..going formulae numerical expressions will bo obtained, as in the former problem. 

3. Tw o weights W, W' are attached, the latter to a wheel, and the former to its 
.axle: to determine their motions. 

Let M be tho mass of W acting at tho axlo, and M' the mass of W', acting at the 
rim of the wheel: let also R be the radius of tho wheel, and r that of the axle. 

Then the moving forces M'y, My acting at the distances R, r.from tho centre of 
motion, if froo, would have tho respective effects M'y ■ ^ and My • r, which connected 
08 they arc, oppose each other. And if/',/be tho actual accelerations of W', W, the 
moving forces, at the distances R, f* from the centre of motion, are actually M^* * R, 
andM/*r; so that 
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M>-R-My r=M:r'R + ]kr/r .... (1) 
lliB Modmiticiiis/y/must be to each other u the radii B, r, the relooitioa them* 
aelrea being always in this constant ration, since the wheel and axle both turn in the 

same time; therefore/' = ^/, therefore 

(M' • It - Mr) ^ = (m' ™ + Mr) / 

. M' Rr — Mr5 
ll' R» -i. Mr* ^ 

the aoceleiating force of the ascending weight W, ■ 

And since/' = we have 

^_M'R’—MRr 
” "M It- + Mr- ^ 
for the accelerating force of the descending weight W* 

The Telocity, in t seconds, of the former, is 

^ M' + 

^ ,M'Rr—M»= ^ 

andthespace, * = p/^ = i m"^ m V 

And for the latter we have 

^ M* R’ — M Rr , 

‘'=TF¥irMH 
. , M' R2 — M Rr . 

* = t ~ U> It j- 


The student will perceive that the first member of the equation (1), expressing (he 
difference between the moving forces that teouM net if the weights were free, is the 
whole amount of moving force in actual operation; which whole amount is obviously 


expressed by the second member of the equation. 

Irnpaet ox Impalso. —In this article we pntposc to consider the circumstances 
of the motions of bodies moving in certain straight lines from the effects of impulse, and 
impinging against one another. 

Let any specified quantity of matter bo considered ss the unit of moss : if it be pro¬ 
jected by any given impulse, it will move with a constant velocity proportional to tho 
intensity of that impulse; this velocity may therefore he taken to represent tho magni¬ 
tude of the impulsion. If wo take two sutdi units of mass, and two such impulses act > 
on them simultaneously, and in the same direction, the relative positions of tho moving i 
masses wiR be always p rc e crv ed; so that if the two units be blended into one mass, and 
the two impulses be thus mado to unite and form a double impulse, tho same velocity 
wiU be impressed on the compounded mass. And it is plain that if M such units bo 
blended into one mas% which receives an impulse M times the intensity we have sup¬ 
posed to be applied to the single unit, tho same velocity would still be impressed. 

Consequently, when any body whoso mass is M moves firom tho effect of an im¬ 
pulse, the corroct eapreasion for the intensity of that impulse must ho Me; the mass 
-multiplied by the velocity, and‘which, as before stided (p. 149), is the eieewatMin of the 
mass: hence the momentum measures the intensity of the impulse. 

OolHutun of Bo4Im: Mxwet laapaet.-— When two bodies moving by impul¬ 
sion in tho same straight line come into collision, tho shook is called direot impaet. 
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Suppom the bodies whioh thus impinge to be entirdj incUstic, or of suuh materials 
that they are blended by the impact into one maatf our object will be, innn knowing 
the intensity of each separate impulse—that is, the momentum of each body—to deter* 
mine the momentum of the blended mass; and thence the circumstances of its motion. 
The following example will illustrate how the necessary particulars are to bo ascer* 
tained •— 

Examph .—Two inelastic bodies, whose masses are M, M', more in the same straight 
line, with Telocitics r, o': required the velocity of their united masses after impact. 

The momentum of M is Mr, and that of M', MV the combination of these— 
namely, Mr < 4 * M'r', is the momentum of the united mass M M'. 

But if r be the velocity of this moss, its momentum must be (M -f> M'jrj: beneo^ 
to determine the vekteity r| afh‘r the collision, we have the equatira 

(M -f M')r, = Mf + M'r'. 

_ Mr + M'p' 

*' “ MjpiT" • • • 

tlio velocity required. 

This result is on the supposition that the bodies are moving in the same direction, 
or that one of them, M’, overtakes the other; but if they arc moving in opposite direc¬ 
tions so that the two meet, then the expression for r^ will be 


( 1 ). 


Mr ■j' MV 


( 2 ). 


If exceed M't-', then, after the collision, the mass will move in the direction 
in which M was proceeding; but if MV exceed Mr^ it will move iu tho direction in 
wbicb M' was proceeding, as is obvious. 

If Mr == Ai’/-', then tho collision, at meeting, will destroy the motion of each, 
and bring both bodies to a stand still, since will then be 0. 

Tf one of the masses AT bo at rest, then since t'l = 0, the velocity after impact 
will lie ^_ Air 


In all cosi tho momentum after impact must be the sum of tho momenta before 
impact, regarding those M'htch act in opposite directions as having opposite signs; so 
t!i;*t the momentum lost by one body, by tlio collision, is exactly equal to tho momentum 
giiiuod by the other. In the ease (3) above, the momentum of the whole mass, after 
impact, being (AI 4 - AI'}r, = Mr, and the momentum gained by M', which was at 
rest, being Al'rj, this must bo tho momentum lost by M. This loss of momentum in 
Al shows that the moss Al' opposes a resistance to tho communication of motion, and 
AlV] expresses tho value of tiiat resistance, which, as tho mass was at rest, can bo due 
only to tho inertia of tho body. 

Let us now suppose that the boilios, instead of being perfectly inelastic, arc per¬ 
fectly elastic; and that, as in tho former case, they move so os to impinge at some 
jKiint in tho common lino described by their centres of gravity. 

Elastic bodies are such as yield to tho force uf impact, and undergo a compression, 
and therefore a change of figure: the elasticity is that Ihheront force which the body 
exerts to recover its original f<wm. 

If the restoring foreo which the body exerts to recover its original figure is equal to 
the impressing foree at the point of impact, so that the original form of the body is 
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pfliftktiy VMtwed, «nd in Ute same length of time that it took to altm that form, tho 
elaatuity ia aaid to be perfect elaaticitj. 

In eaae of perfect elaaticity, whidcTmr velocity one body losca during the action 
of tho oomproaaing force, it aflerwarda losea juat aa much more during the action of the 
restoring fi>rce; and whatever velocity the other body gaina during tho compression, it 
gains aa much more during tho restitution. For, at the end of the time occupied in the 
compression, there is the same communication of momentum as in the case of inelastic 
bodies: at that instant the bodies, then in the closest union, must have equal velocities. 
The force of restitution, exactly equal to that of (impression, then acts; and another 
effect, the opposite to that of collision, takes place: the collision brings tho bodies 
together, tho force of elasticity drives them asunder. 

^0 bodies in nature are perfectly elastic, or completely inelastic. The most clastic 
substance at present known is glass. Newton, by a 
contrivance aimilar to that represented in the margin, 
determined a very close approximation to the defect 
from perfect elastiidty of several substances. If two 
bolls of the same substance, niid in every other rcsfiect 
equal, were suspended from A by slender thn'ads, and 
each let fall from equal distances, measured from the 
vertical, on the graduated arc 11 C, they would, after 
collision at o, (nch return to tlie jiiut in the arc from 
which it started, if the elasticity were perfect. With 
ivoiy balls, the elasticity bore to perfect elasticity the 
satio of 8 to 9 ; with glass balls, the ratio was IS to 16. 

From recent experiments, of a different kind, Mr. Eaton 
llodgkinson has determined the ratios to be, for ivory 
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'81, and for glass ‘94; the latter ratio differing but rciy little from that deduced by 
Newton. The fractional or decimal part tliat the elasticity is of iierfcct elasticity in any 
substance, is called the tnodaitu of elatticHy of that substance. 

Example .—Two perfectly elastic bodies, whose mosses uie M, M , in«>viug with veliM-i* 
ties r, e‘, strike with direct impact. it is required to determine their velocities ulier- 
wards. While tho compression contmucs, the bodies move os one moss; and thei efom 
with the velouity 

■ ^ _ Mr-f M r ^ ^ 

r, ..1) 

So that M will lose tho velocity e — t,, and M' will lose the velocity r’ — r.; and 
these express the velocitius communicated, but in opposite directions, by the force of 
restitution. Uonce the velocitit‘.<i, after impact, will be 

of tbc mass M, r — 2(f — <,) .... (2) 
and of the mass M', r' — 2(r' — r,) . . . . (3) 

(Jr, substituting for Vj its value (1), wo have 

M'(f — F) 

■velocity of My ^ M ^ M' ■ • • • i4) 

velocity of t ' — 2 - .... (-5) 

If each tnn— be multiplied by the velocity it bos after impact, tlio sum of tho pro¬ 
ducts will be Me -4> MV; which is also the sum of the momenta before impact: hence 
the sum of the momenta after impact is the same as the sum of the momenta before 
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impact. If wo aubtract (3) £h>iii (2), tbe remainder will be o' —- e: hence the dif¬ 
ference of the yelocitiea ia the same both before and aAer impact. 

If M = M', that ia^ if the bodies are perfectly equal ia mass, as well as perfectly 
elastic, tbe expressions (4) and (5) show that, after impact, the bodies will exchange 
their velocities, M' moving with the velocity v, and M with the valooity O'. Hence, if 
one of the bodies be perfectly at rest, the other which strikes it wQl impart to it its 
entire velocity, and will itself rest in its place. 

If the elasticity be imperfect, the foregoing formula; will require modification. Let 
e bo the modulus of elasticity of the impinging bodies, that is, let the force of restitution 
after compression bo only tbo eth part of that of compression: then the additional 
velocity lost by M from the action of this force, instead of being equal to that lost 
directly,—namely, v — r„ uill be only e (r — r,); and the additional velocity lost by 
M’, only c (e’ — r,); so that the velocities after the impact will be 

of the mass v — (1 + 0 C® — — (1 "4" 0 


and (jf tliC mass M', r' — (I + 0 (*"' — *'i) = '’i — (1 "i" *') 


M (f —V) 


... • V* T M + M' 

The momenta after impact will be, for M, the first of these expressions multiplied by 
M; anti for M', the second multiplied by M'; the original momenta are for tbe former, 
Me, and for the latter M'v'. Henue, the momentum lost by one of the bodies, by the 
impact, is gained by tbe other: for, as the above expressions show, this momentum is 


for il, 


M + M' 


and for M', (1 e) 


M M' (r' — f) 


-, vM-i-Jd' 

wbirli arc the same in value, but opposite in signs. 

'When tlio bodies are |K>rfcctly clastic, it has been seen above, as an immediate conse¬ 
quence of equations (2) and (3), that the sum of the momenta before impact is tbe same 
ns the sum of the momenta afb'r impact; and also that the difference of the velocities 
of th<' two bodies must be the same after impact as before; that is, calling the velocities 
after impact Vj and Y’, we must have 

3d V + M'V' = Me + M'f'. 

Also Y — Y' =: v' — v. 

M(Y — r) = M'(e' — V), 
and Y -4- r = v’ Y'. 

Now, if wo multiply these two last results together, wc shall have the equation 

M(V* — t^) = M(f'* — Y-^). 

Consequently M - 4 - M' V'® = M'r % 

We may therefore conclude that when tbe bodies are perfectly clastic, the sum of 
tho products of each bo<ly into the square of its velocity is the same both before and 
after impact. 

A particular name is given to the product of a mass into the square of the velocity 
with Mrhich it moves—it is called the via viva, or the Uringforer ; that in the collision 
of perfectly elastic bodies there ia no loss of via vim vccaaioned by the impact. Tbe 
consideration of tho force thus called the via vira enters largely into certain inquiries 
connected with the motion of fluids. 

1. A ball whose elaatici^ is e, strikes a perfectly hard plane,—the raised edge of a 
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biniud~taib^ for example; required the motion of Uio ball after the impact. JjbH A B 

be the straight line dosoribed by the centre of the 
ball before impact, and call the angle A B D', a; 
then, r being the Telocity along ABC, let it l>o 
represented by BC. The components of this 
Telocity—the one perpendicular to the plane, and 
the other parallel to it—are B D, B £. The com- 
jionentB £ is not modified by the impact; but B1), 
Q' I)' A by the force of restitution, is converted into B D' • 

hcncc, compounding the Tolocitics B E, B D', the path, aod Telocity r„ after impact. 
Trill be denoted by B O'. 

The Telocity B D' is e X B D' = er cos a. 

The velocity B £ is e sin a: 

because the velocity parallel to the plane is unaltered by the impact, 

i-jf = (cr cos o)* 4- (*■ si'i *)* = *■* ('■* « 4“ “) 

= t'> (ei co^ o 4- 1 — a) = { 1 — (1 — O • ■ (0 

For the duration B C', after impact, wc have 

B D' rr cc»s a . 

cot o' = i-pTr = ■ --=: c cot ..C-) 

1) 0 r sin o 

If the elasticity be perfect, that is if r 1, then* from (1) and (■_*'. fj = ♦'; and a = a 
hcncc, in the case of perfect elasticity, the ball will rebound with the velocity w .th 
which it struck; and the path it takes will make an angle of reflection equal to tiio angb' 
of incidence. 

But if the elasticity be imperfect, that is, if « bo less than 1, then, from (1), »• will b 
less than r; and, from (2), cot o' will be less than cot o; and conseqiiently a will b.' 
greater than o: hcncc, in the case of imperfect elasticity, the velocity after impact will 
be less thsui the velocity before impact j but the direction after impact will make a 
greater angle with the perpendicular than the direction before impact. 

2. The annexed diagram represents two bodies, A and B, impinging upon each other 
at the point o; CD, representing in magnitude and 
direction the vclocitj* of the former, and C' D’ in magni¬ 
tude and direction the velocity of the latter. Let m n 
bo the line perpendicular to their surfaces at o. By 
the resolution of velocities, A may be regarded as 
animated by two velocities, of which one, C £, is parallel 
to ft m, and the other, C F, perpendicular to the same 
line. In like manner, B may be regarded as animated 
by the velocity C* £', parallel to « m, and the vclodly 
C' F' perpendicular to n m. 

If A and B, at the instant of contact, were ani¬ 
mated solely by the velocities C P, C' F', they would 
merely niidc one past the other, and would cxt>criencc 
no impact or shock: the diock they do suffer is there- 
fore due solely to the velocities C £, C' £ ; and even 
th^ that any shock may t ake p'acc, the former velocity must exceed the latter. 

intensity of the impact is the same, therefore, as if the two velocities C £, C' £', 
alone existed; and the two bodies will move as in tiio case of direct impact, only that 
tbose Tw otio ns Will bo combuuid with the unchanged velocities C P, C' F': wo shall 






KSWION'S LAWS OJT XOllOK. 


159 


I 

I 


I 


I 


therefore oaly lutve to compound tho velocity of A in the direction n m, after the direct 
impact spoken of, with tho velocity C F, perpendicular to n st, in order to obtain the 
magnitude and direction of A after Uie shock; and in a dmihur way an the magnit^l ff 
and direction of tho velocity of B to bo found. 

Kotk.—I t must bo noticed by the student, that what has hen been tsnght respecting 
tho collision of bodies, concerns only tlicir rectilinear motions—their actual advance in 
space. Unless the line of direction in whudi two bodies strike, pass through tiic centre 
Ilf gravity of each, rotation, as well as translation in space, will invariably be the result: 
tho motion of translation is all that is sought to be determined in discussions on the 
collision of bodies; and it can bo proved that this progressive motion is not in the 
slightest degree modified by tho rotation of the impelled body. More advanced 
principles have fully established the following general propositiCHi, viz.—^When a body is 
acted upon by any impuLsivc forces, of which the resultant does not pass through the 
centrv of gravity, the body will have in consequence a double motion:—1, tho centre of 
gravity will move as if tlie forces were immediately applied to it; and 2, the body will 
rotate as if this centre were absolutely fixed. But want of space compels us to bring 
Uie present introductory treatise to a close - its object has been merely to present to the 
young .student a clear and perspicuous development of tho fundamental principles of 
Dynamics, and not to carry him forward into those higher and more imposing applica¬ 
tions of those principles, which ncccssanly demand a knowledge of much more recondite 
mathematical theories; aud fur which no provision has been mode in the present series 
of treatises. 

'J'iie student who has carefully mastered what is here delivered—and who moreover 
<^hal] hare acquired a familiarity with the Differential and Integral Calculus—will, we 
hnpi-, tiiid bis study of the mure advanced dynamical researches somewhat facilitated 
i>y the previous ]K!rusal of this elementary tract. Before concluding it, however, it is 
proiH'i’ to give a formal enunciation of what have been called Nca*ton’8 Three Laws of 
.Motion: these, as already observed at page 130, ore certain dynamical axioms. Or 
P'istulutcs, assuming principles of too fundamental a character to admit of being 
rigorously ostablisbed either by abstract reasoning or by experimental proof.. In tho 
foregoing treatise we have, in general, tacitly taken these for granted, in several special 
topic•« o( inquiry': we have preferred this course, to the usual custom of stating the 
tbree laws of motion iii all their generality at tho outset of the subject, because we think 
that tbeir moaning and applicability cannot be clearly understood and pcrceivtsl, till 
some familiarity with the language of Dynamics, aud with a few of its more elementary 
problems, has been acquired. 

The ThM0 Laws of Mtotion. —Thoro are various forms of expression in which 
Newton’s three laws are delivered by different writers on Dynamics: tho following 
enunciation of them will perhaps be found as intelligible os any. 

f'ifgt Jmw .—A body once at rest, will remain at rest, unless acted upon by some 
cxt^al force; and if moving in any direction, wBl continue to move in that direction, 
unless acted upon by some external force. 

Second Law. —a force acts upon a body in motion, the effect of this action is 
the same, in magnitude and direction, as if it acted on the body at tesL 

Third Law. —This was stated by Newton os foUoi^s :—** Action and reaction are 
equal and contrary that is to say, A cannot act mechanically upOk B, without A 
itself being reacted upon equally, but in an opposite direction. 

Tho conjoined effect of velocity, and the moving mass^ is mommtumf as defined at 
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page 149, and this momcntam it the dynamical evidence of the ** acti<m’* referred to in i 
tihn Inw, erhich therefore merely affirma that whatever momentum a body communicates > 
in any direction, that momentum it loses in that direction; or, which is the same thing, 
it TCodTes an equal momentum in a contrary direction. 

A great deal of abetraet argument, and of mechanical contrivance and esperiment, 
have been employed to demonstrate the truth of these positions; we have neither space 
nor inclination to enruncrate them: some things miut be taken for granted, as funda¬ 
mental or primitive principles, in every department of science; reflection and common 
sense, exercised in the examination of such first principles, will usnally pnMliicc a 
stronger amount of conviction of their truth than persuasive arguments or appruxjmutivo 
experiments: their verisimilitndo, which renders it hard even to imagine a contraven¬ 
tion of them, must he accepted instead of rigid proof: and when it is known that the 
results of the remotest investigations, all primarily resting on tho truth of these assimip. ! 
tions, are in every instance verified by actual experience, the original or primn feteic ^ 
probability of their oarrcctoesa becomes elevated into absolute certainty. | 

We may remaik in conclusion, that tho fundamental principles of Dynamic's, and 
the strict mathemstiosl theories and deductions founded on them, find their fullest ' 
verification only in the movements of the heavenly bodies. Terrestrial mechanics is j 
enenmbered with many conaiderations operating as hindrances and drawbacks to the 
rigid application of those theories. Machines of human contrivance perform their 
functions throngh the intervention of rods and bars, wheels and pinions; and thus tho 
consideration ot/rietioH, an obstacle that sometimes largely modifies tho purely mathe¬ 
matical results, becomes imperstivcly necessary in practical mechanics. Hut the 
machinery of the heavens, without any physical tics to hold it together, goes on in 
obedience to an Almighty Immaterial agency; and thus the phenomena exhibited are in 
the completost harmony with the accurate deductions of mathematical science. 

The modifying influence of friction, in the ordinary mechanical arrangements, wilt 
he examined into in the treatise on PKAcncaii Mxckanics. 


The following particulars will often be found of service in dynamical inquuicfi • 

l^otoo ttt gravity in the latitude of London 51° 31' 8" N, 32 190S feet. 

Force of gravity in the latitude of Paris 48’ 50' 14" X, 32’1820 „ 

Force of gravity near the Equator, latitude 0’ 1'34" S, 32*0881 „ 

Force ofgravitf 79’49’58 " N, 38-2526 „ 

liongth of the pendulum heating seconds in the latitude of London, 39*130 inches. 
Equatorial diameter of the earth, 7925*465 geographical miles. 

Polar diameter of the earth, 7898*972 ,, 

A French metre = 39*3708 English mchos. 

A French gramme 15*434 grains. 
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Htdbostatico u the icienco treats of fluids when kept in a state of rest or 

equilibrium under the action of mechanical forces or pressures. Fluids are distin¬ 
guished from solid bodies bf obvious and remarkable peculiarities; and^ in consequence 
of these differenoeSy the statics and dynamics of latter become (miy partially 
applicable to the former; so that the statics of water, and the dynamics of water, 
require a distinct and separate consideration. These two divisions of the general | 
scicnco of mechanics, thus applied exclusively to water, and such like fluids, are called ' 
respectively Hydroataiut and Hydrodjfnamiea, i 

To define a Jlmd would be to describe exactly what it is—its internal constitution, ! 
as well as the phenomena peculiar to that constitutimi, which it presents to our senses. | 
But this is beyond our power: we know that, in conunon with all material existences 
connected with this earth, it has weight; but that, unlike solid bodies, it is without i 
that cohesion of parts by which a solid preserves its shape in whatever position it be . 
placed, and in virtue of which it is moved, as a whole, by a force applied only to a part, j 

It is this absence of cohesion from among the constituent particles of a fluid, that 
renders those particles so freely moveable sanong themselves, ti^t causes them so readily 
to yield to any impression, and to obey the slightest effort to separate and detach them, 
as also to admit of the passage of solid bodies through them. It is the want of cohesion, 
too, tliat causes a fluid to change the figure it is made to assume, wheu supported in a 
vessel, as soon as any of that support is removed. A fluid presses laterally as well as 
vertically; and, in consequence of the lateral proasnre, tends to q>read itself hoiisontally j 
when left unconstrained. | 

In all these particulars it differs entirely firom a s(did body: m ihit all the particles 
mutually cohere, and, in the absence of violence, maintain their relative pontions. In 
a fluid, on the contrary, they are entirely firee to interchange situations, and to move 
among themselves. 

Tn this general statement of the chataeteristic differenees between a sdid and a fluid, 
it is ^ be borne in ure refer only to fluids such as we find them on this earth- 

fluids acted upon by the force of gravitatiim, and therefore having weight. If we con¬ 
ceive a vessel of water to he suspended in qpsoe^ and gravity and every other force to be 
removed, then the fluid having no weight, there would bo no pressure on the vessel in 
any direction; eo that the water would p r e s er ve the shape of the vesse^even though the 
latter were removed. In the absence of all force there would be notiiing to disturb the 
original arrangement of the component parts of the fluid mass. 

Two K i nflo of nmUbk—Fliuds are divided into oompreasible fluids and incom- 
preasiblo fluids: the fonner are those whi<di by pressure may be forced to contract into 
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—•pw»—sobh • fluid is tho «ir we breathe, and every' kind of gat. The inooin> 
preeriUefluidtarethoaewliiohGaniiotbypretnmbereduoedtotiittUei’bulk. Whether 
in ttrietnees any tach fluid actually exiita, it more than we can tty; becauio, however 
it mig^t Tctitt comprcseioa from medumioal forcot at our command, it would be 
preeumptooua to conclude that compreanen waa impoeaablo. Thia, there it rcaaon to 
believe, ia not the caac with any fluid: water waa formerly thought to bo inoomproaaible, 
but by great mechanical force it haa in a alight degree been actually reduced to amaller 
compaaa. Still this, and the otheroommon li^ulda^ are ao little compreasiblo, that no 
practical error con arise from treating them aa inoonqneaaible fluids. 

They are also classed under the he a ds of elastic 'fluids and inelastic fluids: the 
former are such as yield to compreaskm, and upon the pressure being removed expand 
to their former bulk. Air and gases are elaatic fluids. Water, and liquids generally, 
arc of conme regarded aa inclaatio (ia this sense), aa they do not admit of oompreasian 
in any degree worth notice. 

llwMl Slnstieity.-*-Tlio term elasticity, as applied to fluids, is not jnecisoly the 
same in wiwiting as when applied to aoUda. A solid body is olastio when, baring 
yielded to tiie finroe of a blow, an equal force, called the force of reatitutum, is exerted 
in the opposite directian, restoring the body to its original figure: there ia no condition 
as to wh^er or not what ia called the force of comprossitm actually cau a e s the body to 
contract into smaller compass. But as regards fluids, elasticity re&rs to their con¬ 
traction by pleasure into smaUer bulk, and their subeequent expanaitm to tbc original 
volume when the preesnre is withdrawn. It is in tins sense that the elasticity of fluids 
is to be understood. But taking the term with the significatum attached to it in the 
mechanics of solid bodies, fluids may certainly be oonaidcfed as clastic: a quantity of 
water poured down from any height <m a hard aubstance will to a certain extent 
rebound, and disperse hsclf in spray; and so likewise will it do if poured upon water 
itself. A flat stone, or an eyster-sheU, tinown very obliquely on the surflice of a pool 
of water, will also rebound, and even a eannon-ball will do the same; but in none of 
these instanoes is the fluid compressed into smaller bulk. 

TianaMlaaliin mt yaaaaiura,—^The fundamental property of water and all other 
fluids is, that a presaure api^icd to any part of its surface is transmitted equally in all 
direelionB tiiroui^out the entire volume of tho fluid: thia is called the principle of 
equal pressure, and may be proved ia various ways; for instance^ if a vessel bo per¬ 
forated all round at any dcptii, and glass tubes, however bent, be inserted in the aper¬ 
tures, and then water or any other liquid be poured into tho vessel, we find that when i 
the level of the perforations is reached the water preases into the tubes; and however | 
Ttigh ire rrae the level of the water in the veaeel, to the tame level it idways rises in 

each tube—thus diowing that, on the same extent of euziaoe { 
at the same depth, Asm must be the mme p re ss u re. ! 

Again: let a vesed of any shape be filled wiA water, and , 
to any two equal perfbtations in ili rides let pistons A, B j 
be fitted; let ^ proper amount of preanire be ^plied to the 
piston A to keep the flnid in its fdace, and also Ao proper 
amount of pressure to the piston B. Then it will be found 
that any additional pimsiire ^q>lied to one of the pistons is 
transmittod to the mher; so that equal additional piessoru 
must be applied to both pistons to keep Ae fluid in its plaoe, or to prevent one of Ae 
pistons from being forced ontwarda 
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And if the vsewl ware covered with each pietone, the seme preemre will be trane* 
laitted to each of the others that is iq>plied to any one of them. 

This very remarkable property of fluids is perfoetty general, having place whatever 
bo the contour or mctcmol form of the vessel r if, for insUmce, the imm be that in the 
margin, namely, A B C E F, the downw a rd pressure at B, 
arising from the weight of the water in the tube A B, pro¬ 
duces an equal upward pressure upon every portion of 
surface, equal to the base of the tute, betw<m B and C, 
and between B and P. Also the pressure of the fluid upon 
the base D £ of the vessel is the same as it would be if 
the vessel were enlarged to the form H £, and tbo com- 
! i»artiucnt8 H B, 6 B flUod up with the fluid, the mdes car 
partilious B C, B F being removed; for before tbc removal 
Ilf these sides the upward pressure on B C is the same as 
the downward prossureun it, flnom the weight of the fluid 
afterwards intr^ueed into H B; the two pressures there¬ 
fore neutraliae one another, and thus there is no addiUonal 
(iressure sustained by the bottom of the vessel D £: in like manner is thcreno additional ; 
pressure from the additional fluid in the compartment G B. j 

This is a property of fluids so extraordinary, that it has been called the Mydraataiit • 
Paradox ; namely, that the quantity, and therefore the weight of the fluid, may be in- I 
(leHnitely increased, and no increase of pressure be suatained by the bottom of the j 
I'osscI, the pressura on the bottom being due entirely to tbo height of tbc fluid, and j 





quite independent of its other dimensions. ! 

Suppose in any vessel C B, a solid'body M, as a mass of lead, were suspended, then if a 

fluid be poured in to fill up the empty space about M', 
the pressure on the bottom of the vessel will bo the 
same as if the mass M were removed, and its 
place supplied by additional fluid: the pressures 
on the sides too of the vessel must remain 
unaltered, whether the imss H be of lead or of the 
fluid; for fllic mass, whatever it be, ao that it be 
inc(»npre8ilbls ly 
the surronitding 
fluid, con not in 
any way modify 
the proasures ex- 

('rted on the bottom and aidea of the veisel when 
lillcd wholly with the fluid. It nuy be observed 
here, that not only ia the pnuwra on the bottom of 
the vessel the some when the fluid in it is only tho 
border of fluid surrounding M, as when, M being 
removed, it is quite full, but tho weighi of the entire 
vemel and contents is the same in both casea, though 
M be firmly aupported by the beam B—for only so 

mueh of M is thua supported as is equal to the excess of its wdight above the weight 
of the fluid whkh fills up the space oocuptod by M upon the removal of that body. 
The pressure of a fluid on the base of a vessel is no in<fication or measure of tiie weight 
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of tiw fluid: tiie prassuro on th« base A B is tiio SKme whether the Tesscl fiUed with the ; 
fluid be CABD, or E A BF, though the weights are <tfooune different. i 

It thus happens that by enlaiging the base of a veasrif and narrowing the upper > 
put, or by narrowing the upper part only, we may eauae the pressu r e of the etmtained 
fluid on the base to errmf its weight in any giTen ratio fbr instance, if the vessel be 
of the form of a cone, standing on its base, the pTessuie on the base will be three times 
the weight of tbo fluid itsdf. For the pressure on the base will be the same as : 
if that base supported a cylinder of fluid instead at a cone of the same height, and wc 
know that the ctmtent of the cylinder is three tfan^ the content of t^ inscribed 
cone. 

Paradoxical as the statement may aeem, that the pressure on the base is tliroe times | 
the whole weight of the fliiid, the flket may be readily explained on the principlo of the I 
I equal tranandsaion of fluid-pressure. If the hollow cone be of heavy metal, and of ; 
I sufficient wmg^t to bo completely water-tight when merely placed on the base, then, I 
j however great thbi weight of metid, if only the cone be sufficiently high, snd water bo j 
j poured into it through an orifice at the the upward pressure of the fluid will act | 
! with greater and greater intensity against tiie interior surface, till at length the rone ’ 
I will Iw seen to rise, forced upward by the superior pressure, and the water will escape. 

; This will be the subject of a problem hereafter. Equal pressures upward and downward 
have no effect on the wei^t. j 


Hydsautnttc l^avndoac*—Bnt what is more emphaticaUy called the hydrostatic- 
^ paradox is this;—A B, CD are two stout 

B boards connected together, like the l>oard>< 
— . —If bellows, by a water-tight 



leathern band: if water bo introdtirecl 
into the enclosure thrmigb the pipe P or | 
otbcru*iso, the upward pressure of the- i 
fluid will st'parate tbo boards; and upon | 
stopping the further supply of water, the- | 
fluid will stand at the same level both in 
• the tube and in the receptacle C B; so | 
that the small portiem of water in tht- 
tube up to (1, balances or keeps in cqui- 
librio the large body of water C B. If 
now a heavy weight bo placed on the 
board C D—a weight equal to that of a 
ff mass of water that would fill up the 


I qMtee ED above the board—^en the ad- { 

• ditiogpl Moall portion of water filling the take up to 11 would keep that wright snpportod. 

If, instead of water, the cavity 9§ be iaflatod with air, by a person standing on | 
C D, and blowing into the tube PQ with hm mouth, the snne effect will take place; I 
the petaon may thus easily irniae himaelf higher and higher, and may therefore literally 
"be said to be blowing himself up. Sndi a contriimieo is called the hyinatoHe bMowt. 

All the phmomena hitherto enumerated ate neaessary consequences of the trans¬ 
mission of fl^-pressore in all directions. In the illnstration just given, the downward 
pressure of the slender colnmtt <ff water P Q is trannnitted as an upward pressure upon 
every area equal to the section Q of the entire stufltce C D; and thus downward 
pressure of the body of water ED, or of the equivalent weight W, is counterbalanced. 
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If——*»*■ MyJtmrtatIfl TfMi Thn hydrostatic bellows is little more than a 
philosophical toy for illustrating in a popular and striking manner that peculiar and 
important pit^erty of fluids by which pressure on a small surface is communicated 
unduainished to every pmrrion, equal in area, of a large surface. Without the aid of 
levers or pulleys or wheela, or other sudi mechanical contrivances for accumulating 
and concentrating force, this fundamental property of water enables us to command as 
great a pressing force aa we pkeaeot the expense of as little applied power as wo please. 
One of the most interesting and useful exempliflca* 
tions of this is fumiahed by Bramah’s hydrostatio l| 
press, a machine the principle of which will be suf- nJlB I 

ticiontly understood friun the annexed diagram, 
without entering into minute details of its eon« HH 
slmction. Water communicates with two cylinders |HH 
uf metal, os in the figtire: one of these t^ltodera is 
uf considerably larger section than the other. Water* 
tight pistons A, B being fltted to both, any force or 
presauro applied downwards to the smaller acts 
upwards upon the larger B with an intensity as ^^1, 
many times the applied preasuro as the area of it is 
(contained in the area of B; so that by diminiahing 
Uic diameter of A, or by increasing the diameter of 
B, we may make the upward pressure upon B os 
many times the downward pressure upon A as wo 

please. Suppose, for instance, the diameter of the cylinder A is half an inch, and that 
lit' the cylinder B ouo foot; then as the areas of circles are proportional to the squares 
uf their diameters, wc shall have 

: 12*:; applied pressure :: resulting pressure x= 576 times the applied pressure; 

sn that a pressure of 1 cwt. applied to the piston A will produce a pressure of 576 cwt., 
ur nearly 29 tons, upon the piston B. It is plain that by means of a lever, applied to 
the puton>rod A, the downward pressure may be increased to any required amount; 
and, in fact, by increasing the disparity in’ the diameters of the cylinders, and using 
unly a moderate leverage on A, the transmitted preesure may bo made as great aa the 
luctal cylinders can sustain. Something of this kind, no doubt, takes place in nature : 
water finds its way down the chinks and crevices of rooks and mountains, settling in 
whatever cavity within there may bo to receive it. This cavity in time beoomea filled, 
rind a number of slender and irregular columns of water reaching from the reservoir to 
the surface, the upward and lateral presauro of the reservoir becomes at length greater 
than the rocky receptacle auatain, n rupture takes place at the weakest part, and 
devastation is spread around. On a aca^ this effect is actually produced arti¬ 
ficially in miuittg ^ where watcr-pruasuro is sometimes thus introduced for the purpose 
of blasting rocks. 

It may not be altogether unworthy of notioe here that the Creator has provided 
a remarkable preventivo for thme destructive effect! of fluid-pressure when exerted 
through a high column. Tho sap of trees, extouding from the roots ^ the height of 
80 or 100 feet, if it gravitated like the column of water in a Bramah’s press, would 
ruptoro the trunks of the largest trees; but when fluid ia introduced into wry narrow 
tubes, an upward force, capillary attraction, nets on tho fluid in opposition to its 
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downiraatd fiwaiure; and it is this force which nntains the ia traas, and nautralues > 
tha dramrard iwessoro of the fluid. 

Bs^laaotioa of Tonas.—In the treatise oa Dynamiea (page 149) the BManisg ! 
of the tenn mat* was cxpUuaed, and the diatinotion shown between it and wMght. The j 
wei^ or pressure produced bjr a mass M under the iafluenoa of fpraTity may bo denoted t 
tilnM|namcly,W=My. But in applying this notatian, care should be taken to presorTe 
consiatenoy of meaning betwam ^ two members of tha eqnatido. M should be re* > 
garded as so many units of mass, just as in Dynamiea i is regarded as so many units of 
time: the unit of mass may bo arbitrarily chosen; and whatever it be, 
one unit mass X p = weight of the unit; 
so that here g is not to b» regarded aa the symbol ler the aooaloratang force of gravity, 
hut for the w^^i-force —the Ibrcc wlu^ gives to the mam M its weight or pruesurc : 
and smploTiag K as an abstraet numhar, namely, the numbmr of units of mass, we have 

t X p = wei^t of tho unit of maaa; 

that is, ha tha ju'esent inquiry, p stands fur the following ofleet—namely, the weight 
impnmed by gravity on the unit of mass. This is a deflnito and perfeetly intelligible 
measrae of thae^ct of gravity as a statical force; with the acceleration produccMl by 
it we have hers no concern; and wh«m, as in the currout works on this suhjoot, it is 
said, ** let M v^rcsent mass, and g the acederating force of gravity, and we shall havo 
W = 3fp,’* theiangttage ia calculated to mislead tho student intii the supposition, that 
the mahs of a body is the 32nd part of its weight, which is of oourae an abeurdity ; the 
teem aoocleralag force ^idd never bo employed in any statical inquiry, as it is un¬ 
intelligible without reference to motion; the effect of the influence so called is, in 
statics, continued but stationary pressure or weight, and nothing else. 

In order to estimate tho mass or quantity of matter in any body, it is necessary—as 
in all other cases of measurement—to have reference to some conventional standard, as 
the unit of measure; accordingly, by general consent, the mass-unit is the quantity of 
matter contained in the volume-unit (a cubit foot, or cubic inch) of distilled water at a 
certain temperature. Consequently, p stands for the weight of a cubic foot or inch, as 
may be agreed upon, distilled water: as the cubic foot weighs just 1000 ouncea tliis , 
is tho unit to be preferred, apthat tho expression W = Mp implies that if we take tlie 
number of cubic feet in a' body of distilled water containing the aame quantity of | 
matter as (and therefoie of the weight of) W, then 1000 os. multiplied by tl^t number 
will give W, the multiplying imminr being all that is represented by M. ; 

I If a body oontidn D times as muob autttor as a body of distilled water of equal < 
volume, the fovsaer is seid to have D tiuMS the density iff water, so ttiat tho density of ! 
water being token ss 1, that ia being **!%*■» for the imit of density, 1) will denote the 
density of the body: lunee, if V be the volume, or rather the nomfor of cubic feet in 
tho body, DT will be the number of eolno feet in ili equivalent, aa to quantity of 
matter, (ff water; and therefore , 

W = Mp = DVp .... (1) I 

Also if a body weigh S times as much as a body of distill^ water of equal volume, • 
thg gpoeijtc grwnig at the fiinner is said to bo 3, By the specifle gtavity, therefore, j 
of any snbstanee, is mmply meiqpt the ratio of the raiigbt of any volume of it, to the- < 
weif^t of an equal yohuae of distilled water. I 

Both the deneity and qiecifio gravity of any substanoe are expressed by the same 
ahetnet number: thus tho denstty af amrenry as oompared with diatiUsd water is 14, | 
its specific gravity also is 14; but the density refen entirdy to the mass, tbo speeifio | 
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i J in a cubic foot of dutOled water, the diairity of the former ia 14tuiiea that of the latter; 
r I and since, aa a ctmaequenoe of t^ aupericMr danattj, a cubio foot of mercury ia 14 thnea 
aa heavy aa a cubio foot ^ diatillod watar, the ape^o giari^ of merooxy is 14 also. 
Hence, W and V denoting waidht ud tcluaie aa bofoie, wo hare 

W = SVy {y = one thouaaiid ounces) . . . , (2) 
lataapisatatlom of Bya bola.—From the explanatioaa now given, it will be per- j 
oeived that the ayabcds to be hereafter employed have the following ajgnificationa, 

! namely:— 

M = the of cubio feet in a body of water oontaining the same quantity of 

matter (and therefore of the same weight) as the body propoaed. 

V = the nu$nier of cubic feet in the body propoaed. } 

1 ) = the tumber by which a volume of water must be multiplied to give the same I 

I quantity qf matter as is contained in aa egual volume of the propoaed body. | 

S = the tumier by which a vcdume of water must be multiplied to give the some { 

weight as an 0 gml volume of the propoaed body. Hence, D and S are the ; 
i same abstract numben, but the former refers to quantity of matter, and the 

I latter to weight. 

y = 1000 oz. avoirdupois: the weight or pressure communicataft by #ntvity to a 
1 cubic fiK)t of distilled water, at a temperature of 60’ Fahienluit^ 

! All these symbols, except the pressure or weight y produced by gx6bity, ire lAatract 
numbers: the symbol W ia of course the concrete quantity weijfki, ap in common 
j language. And weight—including under this term both pressure and tensioa—^is the 
only concrete magnitude with which wo have to do in Statics. 
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Fluid Fnasuns.—1. When a fluid ia at rest, its upper surface is hmiaontal. 


Let P, Q be any two points in the upper surface of a fluid at rest, and the vertical 
lines P A, Q B bo drawn, A B being a horizontal lino p ^ « 

of particles of the fluid. Then aa A B is in equilibrio, 
the pressures on the eztremitioe A, B in the hmizontal 
direction must be equal; but the pressure on A m the 

direction A B ia the same as the vertical pressure of ^ ^ 

the column of particles P A, and the pressure on B in * 

the direction of B A is the some as the vertical pressure of the cedumn of particles Q, B. 
But these pressures are equal ^ therefore the column of particles F A is equal to the 
column of partidcs Q B; that is, the points P, Q are equally d i st a nt from the horison- 
tal line A ^ and are therefore themselves in a horisontal line; and in the same way | 


is it shown that anfutwo points on the uf^er surfooe are in a hmizontal line, and 
therefore that the entire surfooe is a horizontal'plaae. It is evident, too, that if AB be 
the upper surfooe of a fluid sustaining a lighter fluid that docs not nux with it, the 
separating sorfooe A B will bo horizontal; for, from what is shown above, every pomt of 

A B is pressed alike. 

It must be observed, that what are called 
yifftieal lines, are lines perpendioidar to the sur&cc 
the earth; and^e upper surfooe of a fluid, hero 
shown to be perpendicular to these vartioals, will 
therefore be a surface parallel to that of the earth— 
a qphetioal surface: but it iaoustomary to call btft a small portion of such a large surfooe 

a|dane. 



It is man this propcar t y of fluidt that the 'nine of lerelBiig uwtrumeiita dependa; 
that li| iaMranaitB which aerro to show whether or not anytwo pranta are at the aaaae 
hadjHNttal lard.* The (xnamon lorel oonaiata ni a heat tahe (aa in^erioua page), open 
at the enda, which are tamed up. The tube asaeaiiy fiUadii^hhafluid, genenUy mer> 
cuiy, which auppoita two floata bearing ai^itai with « dander wire acroaa, the wirea 
behig at equal diatanoeo from the floata. When hold in the hand, the two aurfiuea 
bearing the floata are necoaaanly hociaontal, howeraf the tube itaelf may be inclined ; 
and conaequently the two wirea are alwaya on the aame hwiaoeitai plane; alao whatr 
ever other objecta, aecn through the ai|^t^ may be on the aame lerel aa the wirea, moat 
likewise be in the aame horiaontal pla^ or on the aanie lerel. 

2. The pr ca a n re perpendionlar to a aurfiaoe inunoraed in a flnid ia equal to the 
weight of a odlumn of the fluid whoae baae ia the area A of the aurfiGe, and whoae 
altitude ia the perpendicular depth of the centre of gravity of the aurfaee. 

For let the vertical length of any linear ecduam of pmtielee freeaing on the auriacc 
be Oj, and the paint oi the aurfaee p reamd be P|. B<^arding thii point aa a email area, 

; we hare for the proaaure or weight of the column, SpPi«|, 8 being the apecifle gravity 
' of the fluid. In like manner, for another vortical column d length a,, preuing on 
I another pmnt Py, we have ByPsO.^; and ao on. Hence, the whole preasure pi-nien- 
dieular tolhaanrfooe ia 

^ (Pi«i -f- Pje^ ^*3**»*4' . . . .) 

But if G be flbe depth of the centre of gravity of the aaaemblageof pointa P], Pg, P^, 
foe., that la, of the propoaed auifoce A, thm by Statics, 

-+• P*«3 -f* ^3«a + • • • • = (1*1 4" + 1*8 + - ■ 0 

I'reaaure perp. to the surikoe = SAG. g 

whore AG is the volume V of a etdomn of fluid of baae equal to the area A and height 
G; ao that W = SVp (page 167). Bence, if a given area A, immersed in a fluid, 
revolve round its centre of gravity, t^e premuro perpendicular to its surface must be 
the some in every poaiticn. Alao if the area be a rectangle, the pressuro upon it, w’hen 
it forms the bottom of a vessel, will be double the pressure upon it when it ff»nns one 
of the vertical sides; qo that the {ueasure upon the four aides of a eubical vessel filled 
with liquid, is equal te twice the pressure on the baae, that is, to twice the w*eight of 
the fluid. 

I If Uie aides of a veaad flUed with fluid are all vertical, the entire pressure on the 
’ sides is equal to the weight of a column of the fluid whose baae is the rectangle funned 
; by developing the ades into a idane, and whoae hci|^t is half that of flw fluid. 

I By means of the preceding proposUum, it is easy h> find the amouirt of preastirB 
1 sustained by a rectangular dam, or by a pair of flood-gates. If we laultiFly the area of 
the dam, or flood-gate, by half the depth of the watm^ wa shall have the vidume of 
; water the wmgiit at which will be the precaure. For avample: let the water he 6 feet 
deep, and the breadth of the flood-gate 6 feet; then the area of the aarfaco pressed ia 
48 fuet: hence, 

I 48 X 4 = 192 cubic feet of water = 12000 pounda = 5^ tons. 

' Since the centre of gravity of a straight line ia at its middle point, if two straight 
lines a„ u, be placed vertically ii;n a fluid, the upper extremitiea of each being on the 

Buifoce, then pressure on : pressure on a, :: U} t; ^ ^ ^ 


:: : 02 ® 

that ia, the preasurea are as the squares of the lengths. But if the lines are inclined to 
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the Burfaoe>of the fluid at flie angles a^, nspeotiTelyi the perpendiciilar deptha ofthe 
contra of gravity ore 

rin «i, and sin 

The praasnies an tlierafine as 

>1 X |«i ■« «! 5 «9 X 
or as «!* sin a, : «■/ sin > 

that is, as the squares of the Unes^into the sines of the angles of inelination, or as the 
squares of the lines themselTes if the indinatiaDS an equal. 

If a triangle be immersed at any inclination in a fluid, vith its vertez downward 
and its base horizontal, and at the si^ace of the fluid, 
then the pressurM on any two lines D E, F G, the one 
ns distant from the base as the other is from the 
vertex, will be equal. 

For draw C M bisecting A B, and thonforo bi¬ 
secting the parallels D £, F G in m and n. 

Now the preasoTcs on D £, F G are as D E . Mm: 

F G . Mft; that is, as 1) £ . On: F G . Cm. But C» : 

Cm :: F G : D £; hence the preasurea are as D £ . 

F G ; F G . D E; that is, they are equal. 

If the triangle bo reversed, C being atthe sutfroo 
of the fluid, the student may easily prove that the 
pressures on any two parallels arc as the squares of those parallels, or as the squares of 
tlicir depths. 

3. If one of the sides of a vessel filled with fluid be a rectangle, and if this rectangle 

JC_be divided by a diagonal into two triangles, then the pressure 

on one triangle will be double that on the other. 

For let A B C D bo the rectangle, and A C a diagonal. 
Let A E bisect D C, and C F, A B; and take £in = |£A, 
and Ptt = j^FC: then m and n ara the centres of gravity 
of the two triangles. The depths of'fhese centres are to ono 
another as Em; On; that is, as |: }, or os 1; 2; and as the 
areas of the two triangles are equal, therefore the pressures 
upon them are as 1 i 2. 

4. I^ROBLEic.—^To divide the 
preceding rectangle, by lines 
parallel to the base, into n rec¬ 
tangles, BO that the pressure on each may be the same. 

Lot E B be the lowest rectangle; then, rince the centre 
of grairtty of a rectangle is its middle point, the dep^^ 
the centre of gravity of A C is ^DA, and of that of e|S 
|D£. The pressures, therefore, on these rectangles are * 
da X IDA; DE X fDE, or as DA*; DE*. 

But the pressure on A C is divided into ii equal pres¬ 
sures, and the pleasure on EC into n — 1 equal pressures: 
hence 

DA* : DB» : »i — 1. 

.•.DE=^??^.DA. 
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I ^ = DA-DE=:DA 

li^ for inwfaiTt«<«, the reetuigle ia to he divided into two reoton^ee, ao that the 
preaaore on may be tho aamo—that Ui half the whole p ie a ioio—thew lisae tt ~ 2 , 

IWE = ^DA=iDAV'2. 

It appears from this proposition, that in oonafcmeting m flood<*gate, or an upright 
embankment, to resist tho preoaure of water againit it, it ia unneeessaiy to make the 
material equally strong throngliout; the proper degree of strength being secured at tlic 
boHom, where the pressure is greataat, the strength upwards may be di minishe d in the 
proportion of DA> to DE>; that is, the strength may deorease as the square of the 
depth decreases. 

PaoBi.BX.—^To detsxttine the p r essu ie upon the internal sorfaoo of a hollow inhere 
filled with fluid. 

The centre of gravity of the snrfisco pressed is at the centre of tho sphere, so that 
the diw fi"^ of tiie centre of gravity fix>ro tho surface of the fluid is the radius r. The 
area of the snxfsee of the sphere is 4«f3, where r stands Ibr 3'1416: hence, the pressure 
is the —w»a as that of a ojfiindrical column of tho fluid of base 4irr> and altitude r. 

If S be the i^edflc gravity, the weight of this column of the fluid is 4 ; but 

the volume of tho sphere is |’vr’, and therefore the weight of the c o nta i ned fltiid U 


Hen«^ the pressure on the interaal surface of tho sphere is tluve times the 
weight of the contained fluid. 

If a cone have its base equal to the surCscc of the sphere, and its altitude equal to 
the radius of the sfdiere, tho pressure on the base of the cone will be the same as that on 
the surfru^c of the sphere, when both are filled with the same fluid (page 164). 

pHOBiiBSS.^_To detcimino the pressure on the horizontal base of s veasvl containing 

different fluids. 

Let £F, 6 H, J K, be tho snlhees of tho difibrent fluids; these surfaces arc all 
harizontsl (p. 167). Letp, p,, jt,, ft, be the perpendicular depths of tho several layers 

of fluid J C, G K, E H, A F, and S, S„ S*. S 3 their 
* respective specific gravities - then the pressures of 
these several layers on the base D C will be, 
DG.pSy, DC.ptS,y, DC-p^Say, CD .p^Sjy 
tad consequently the whole pressure on the base 
willbs 

DC (pS +ftSt +ftSa +PiA)f 
that is,‘the pteasnre on tiu> hsse ia found thus: 
multiply the area of tho b ate by the som of the 
products of the perpendicular thickness of each fluid 
into its ^meifie gravity: the number ot ciduc feat in the result will bs the number of 
1000 ounces of praanan. 

If the depths of tits aeversl Jayers of fluid are all equal, then the psetsiire on the 
hose will be DC .p (SS, 4-®a) F 

so tbat if we multiply &o area of the base by the perpendicular height of one of tho 
itfen of the fluid, and the prodnrt by the som of tits speoifle gravities, the result will 
he the number of 1000 ormees of prea snre. 
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£xamplt.’~‘A oylindrical veMol is filled iritli meroorjr tiAalf its lieight, oad tho { 
remainder is tben filled vitli vraier. Supposing the spei^c grarity of Acroury to bo J 
14, reqnirsdtim pressare on the buss, and on theooneare perpendicular snrfhce. I 

Let the height of tho cylinder, and r tho radius ct its base: then the area of | 
the base of the cylinder urfH be in*f and since S =: 14, and Sj = 1, W9 shall have for ! 
the pressure on the base I 

. |a (14 + 1) 1000 oa. zzjirr^aX 1000 <w. . | 


Tho pressure on the cottcavc surface of the lower half of the vessel is the some as if 
the water in the upper half were removed, and a column of mercury ^th as high sub- ' 
stituted in its stead, making the height of the entire column of mercury (i ^)<f. 
Hence, the area of tho lower half of the concave surface being 2wrha, and the depth of | 
the centre of gravity of it 2s -4* '**’0 bavc for tho |>ressure on that surface 1 

2 irr.Jrt . fa . I4i7 = iirr<i‘ X 1000 o*. I 

The pressure on the upper half of the surface is 2irr^a . ^ag si JersV: therefore the ■ 
whole prcssim; on tho concave surface is Awa'^g -|- = * / s y s^ X 1000 02 . 

Or tho prrasuFC on tho concave surface may bo found thus:—rememibeiing the 
fundamental principle, that a pressure exerted Ai the surfaeo of a fiuid is transmitted 
in nil directions. 

Pressure on lower half of cylinder by the morcury^one, 

Sirrlfl . 2o X lAg ^ 

Pressure of the water on tho surface of tho mercury, 

‘Jwr^a . X ly } 

Pressure of the water on the upper half of the cylinder, , 

2ircio.2o X Ij' 


17 17 

Sum of the pressures, -jvra'g =r X 1000 oz. 

In a similar manner may the united pressures of layers, equal or unequal, of 
different fluids be always ascertained: the bottom layer exercises its own prcssiuc, and 
this is increased by the weight of tho whole superincumbent mass : tho second layer in 
like manner exercises its own pressure, increased by tho weight of the mass above it; 
and so on. 

I’roblxx.—~A hollow cone rests with its base on a smooth horizontal plane, and 
water is poured in at the top. How high will the water rise before it lifts tho cone oiF 
its support and escapes ? 

As the water rises in tho cpne, it exercises an upward pressare on its aknt sides, 
which tnomases os the perpendicular height of the fluid in¬ 
creases ; nnd as soon as this vqiwaid pressure becomes equal • 
to tlie downward prossuze or weight of tho conical the 
equilibrium is just maintained, and no more water, that is, 
no more upwa^ preasure, ean be sustained by the cone, 
which will therefore be lifted up, and give ^press to tho 
water: we have therefore to find the height of watei^ the 
upward pressnro of which is just equal to the weight of 
the cone. 

The upward pressure, thus just balanced by the wdght 
of the cone, would ho equally balaqoed if a cylinder on the same base, and of the same 
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ftititiiide M tlw'irstary wmo to ■omnmd th« cone, and the vaciiit speoe to be filled with 
the fiedd. Thus if B B were the height of the water, and if a cylindor H D were to 
■uifOfund th^oone, and the apace II F C to be filled with water, the downward pressuro 
or weight of the wrater in dtia apace would replace &e wei^ of the e o u e, ao tho 
eqiiilibrfaiai would remain undiaturbed if the cone were withdrawn; we have therefore 
to detmaine the height B £ of the cylinder, ao that the weight ef water ftnmtyinoH 
between it and the cone may be exactly equal to the weight of the cone. 

Let AB=:«, BC = d, AE=:«: then the rblttme of the cone AC D ia ; and 

the volume of the cone AF G, being to that ofACDaa«3toa^, ia ^ 

a* 

the volume of water in the firuatum F B ia 

volume ci water in F D =: |«£*a (1 — 

wught of the aame = . . . (i) 

' tho qieeifio gra'dfy of die fluid being 1. 

Alao^ if the ctme were removed, the volume of water in the cylinder H D would be 

volume of watoe in cylinder =: wd*(a — x) 

i weight of tl)e eginc = irSa(a~x)y . . . (2) 

Hence, aubtracting (1) from (f) we have for the weight of water between tho 

cylinder and cone, that ia, for the upward pressure of the water in tho cone on its sides, i 

' * I i 

1 upward pressure on c<me =: wK*jf { (o — x) — 5ii(l —■ ^| i 


If, therefore, the weight of the cone be ir, wo shall have to solve tho cubic equation 

»4V {(« — »)— 

■ or — 3«*» 4- 2oS = —- 

or (£)*-3(1)4.2= 4]- 

' The upward pressuro of tho fluid compels an equal pressure downwards on the base; 
• the water in the cavity between tho cone and cylinder is just sufficient to balance the 
j upward pressure, or to replace the resiatanco of the sides, the pressuro on tho base 
I rciiittning undistnibed; and it is thus that the base of the cone su|>p<irt8 not only the 
I water in it, but also an amount of pressure equal to the weight of the additional water 
between the cone and cylinder. 

I In any vessel contdinittg fluid, where all the vertical pressures are downwards—tliat 
! is, vdicre the ndes do not any of them incline inwards^-f^he sum of the vertioal pressures 
I must be equal to the weight of the fluid. For every vertical lino of partidea presses 
; downwards with the weight of those particles; ao that the whole vertied preasuro is 
the whole wm^t of tiic fluid. 

The pressure Is, therefor^ the same os it would be if tho fluid were to become solid, 
Stud the sides of the vessel to be removed; and tho effect is the aame as if the entire 
y u Bs nrc or weiglit were ooncenlreted in the centre of gravity. 

The horixontal pressure at any depth is of oourae tho same all round the vossol at 
that defth, tiie pressure of every horixontal line of partiolca being equal to the pressure 
of a verti^ line of particlea reaching from the surfltoe to the horixontal line. The 
downward rcrticol pressure on the bottom of a vessel can exceed tho weight of tho fluid 
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contained in the Teaael mly when one or nune of iti eidee, or a portaon of a aide, 
inwardi, oeeadoning an upward preanre, which roacta downwarda on the baae, the 
czceaa of the preaaure on which, above the weight of the fluid, ia Jnet equal to thia 
additioualpteaaure; and the Tertioal preaaure on the bottom eanldlahort of the weight 
of the fluid in the veaael only when a tide, w*porti(m of a aide, incHiiaa outward, 
oooaaioning a downward preaaure on that aide. The umote downward preaaure on the 
aidea, togothw with that on the baae, makea up the weight of the fluid. 

Take, for example, the oaae a common decanter: the proaaure at any pmnt C ia 
in the direction of the attaint line peipendicular to ihe tirfewit. Thia may bo decom- 
poaed into two paeaanrea, of udneb one C E ia horixontal, and flbe odier C F vertical: 
thia laat preaaure being directed upwards ia the figure, if the point C had been near 

to the bottmn, it would have been directed ^wnward, on account _ 

of the curvatuiE there being in a contrary direction. If we F_ p 

conceive the preaaure at every point of the interior sar&ce of the M | /\ 

decanter to be decompoaod in like manner into a horixontal and | / j 

vortical prcaaiiTC, there will bo a aeriea of horixontal prcaanrea _i 

like C £, and a acrica of verUcol preasurea Ukc C F. The h(ni- 
xontnl componenta mutually destroy one another; otherwise the 
decanter would tend to move horixantally, which is not the case, 

Of the vertical componenta, some ate upward presaurcs and the 
others downward preasurea; they may, therefore, he replaced by 
a single vertical force, which will act upward or downward, acoor^g as the component 
vertical forces upward or downward prevail. (Statics, p. 72.) If this simple reaultau t 
pressure act upward, the pressure on the bottom of the decanter will exceed the weight 
of the liquid, because the downward preasuro on the bottom, mintu this upward 
pressure, must ho cqiul to the weight: on the contrary, if the resultant he a down¬ 
ward preasuro, then because tho downward pressure on the bottom, piua this other 
downward pressure, is equal to the weight, the pressure on tho bottom will he less than 
the weight. 

l'ui>ni.F.)i.—To determine tho resultant of all the preasuies of a fluid upon the 
surflicc of a body immersed in it. 

Instead of tho immersed body C, omioeive the fluid it displaces to become solidified: 
the surrounding pressures will keep tho solidified fluid at rest, just as if it were in its 
original state. But for these pressures, the mass would fikU downwards in virtue of its 
weight: tho resultant of the pressures, therefore, just balimcea the weight, and acts in 
a directum opposite to that of gravity; that is, vertically upwards through tho centre 
of gravity of the mass. And as the surrounding fluid exerts same pressures, what¬ 
ever ho tho body whoso surface ia pressed, it follows that the rcsultaut of the pressures 
on the surfMe of any solid body ia equal in intensity to the weight of the fluid displaced 
by it, and it directed vertically upwards through the centre of gravity of the fluid 
displaced. 

When the sdid floats at rest, tho weight of the fluid diq;>lacod is equal to the weight 
of tho solid; and tho ceutre of gravity of the solid and that of the diaplaoed fluid are in 
the same vertical lino. 

For the pr osa uro of the fluid m the portion of surface immersed, and the weight of 
the solid, ore the only forces acting; honoe, as the body is at rest^ the resultant of the 
pressures <m it must be equal and opposite to the downward pTesanre, or weight, of 
the body, and act in the same vertical straight line. But aiuce, ax just duiwn, the 



m CKKTKM OF FKBBSUSl^ 

iM irfttat of tha pgMWiTOi (eqnal to the wdglit of tihodiiplaaed fluid) k'diweted toward! 
thani^ the centre of gnvity of the fluid dio^need, and tho weight of the adlid U 
dinotdl dkwr n ir i da threugh the emtre of grevity tiM nflid, it follows that the 
nanhant of the pvaamna, that is, tiie weight of the flnid displaced, is e^ual to the 
wsi^ of the solid, and that tl^ eeatras of gwfity of ho& are in the —me rettioal line. 

in ste a d of floating on the surfoee, the bodf he kept team sinking by a foree, acting 
alxnig a string, just sufficient to keep ^ body at rest, the conditiona of equilibrium may 
be found as follows 

Let G bo the centre of gravi^ of llto body suspended to the fluid by the string F A; 

let E 0, G B be vertiesls threugh the centre of gre- 
Fity of the di^laced fluid and torouf^ the centre of 
gravUy of the body. Let also 
W anflght of the body^ and W' =: weight of fluid 
diqdaoed 

T = tension of the string 
V r= volume of tho fluid displaced 
Olid D = density of the fluiiL 

The body is kept at rest hy the forcos W‘ = 
DVy, acting to the direction EC; W, acting in the 
direction G B; and T, acting in the direction F A. 
These tiireo forces must therefure bo all in one 
Through O draw E G pcrpondieular to E C, F ; 

I then as the body is at rest, the moments of the forcos W, W’ to turn the body about K 
in opposite dire^ons are equal (Statics, p. 60). 

.*. W.GK = W'.EK = DVy.EK. 



plane; and T must berm W — W*. 


I Hence the weight acting over the pulley A upon the Itody nt F just sufficient to keep 
f the body from auddng is W — W', and to order that it may be kept from turning, there 
most be the condition W. GK = W'. EK. Should the body be lighter than tint 
fluid, and tend to float instead of to sink, then the force on F to prevent its rising 
will of course be W' — W; the other condition to prevent turning remaining the 
same. 

As noGoed at page 163, if the vessd be ftiU before pliuging tho body into the fluid, 
j the qnanti^ of ilto fluid whieh the immersion of the body causes to run over will occa- 
I Kion no diminutum of tho weight of Gie vessel and pontents, nor yet any modification of 
1 the pressures <mi tiie bottom and sides: for the body merely fills the place of tho bulk of 
I fluid which its immeinon drives out of the vessel, mm circumstances as to the weight 
and pressures are tiie same as if the fluid, that originally occupied the space now flUed 
by body, had become soUdifled while at rest to the v ee scl . The weight P to the 
above diagram, and which measures the tension of the string, measures the eanesi txt 
weight to the body above the we^^ht of the water It displaces. 

The Goatse of TseMnao, —The pressures of a fluid against the diflkrsnt points 
of a plane surface may he regarded as a system of paralld forces, acting perpenffioular 
to the plane: the ns^tent of these forces is therefore perpendicular to Gie plane, and 
the magnitude or intensity of thejrcsultenthas already been shown (page 168) to be equal 
oto a ooltunn of the fluid whose base is the surfoee pressed, and whoso altitude is equal to 
thodepth of the centre of gravi^ of the surfoee before the level of the fluid. The 
centre of preasure is that point of the suifoee to wbidi if a aingle force equal and oppo- 
nto to the resultant of the pressures were applied the plane wonld be lu^ at rest 
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FBESOTBE Oir A PABAIAWLOOBAIC. 


PsoBunc.<~To find tlie ocatn qf pnHiue of n laid on n tringle wbom bue if 
hannoiital ind at tiio nuilMe of finid^ 

Let ABC be ibe triangle, anddeairCMtolMBeettbebaaeAB; alaoirtBB, FGbe 
tvo linoatmUdto A B, and drawn ao that the duftaaoea Met, nOMqrbeefaaL Tbeae 
linea being horizontal are uniformly proaaed thnmghont^ ao that the oentn of prcaiiire 
on each ia at ita middle point, and, aa already proved at pa^ 160, file p r eam r e on one « 
the aame aa the preaaure on the other. Chmaequenfiy m vu^ regard the eztremitieo 
m, tt of the Line m n aa preaaed by equal foroea: the reaaltaat of fheaem therefore equal 
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to the aum of both applied to the middle pointP, -arhu^ 
point ia evidently the middle point of C M. 

Whatever two lines be takm equidiatant fimn M 
and C, the poiiriofapidioatton P of thereaultant remaina 
the aame; and aa the whole preaaure on the triangle 
may be regarded aa made up of all theae prea* 
auroa, it follows that the resultant preaaure mu^ paas 
throught P, which it therefore the centre of pressure on 
the triangle. 

Fn(>iii.KU.—^To find the centre of pressure of a fluid 
on a parallelogram, one of whose sides coincides with 
the surface of the fluid. '* 

Let C be the paralklogram, and draw £ F bisect* ^ ' 

ing the opposite si^ D C, A B. The centre of pressure is necessarily in £ F, as the 
pressures on each aide of it ore equal. Draw £ A, £ B, aa also horizontal lines 

11 J, K li, &c. Then the pressure on one of these 
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lines, as H J, is to the pressure onABaa£oto£F, 
tliat is, as fM M to A B. Hence represontiag the pres¬ 
sure on A B by the line A B, the lines m n, p q, &c., 
will correctly represent the pressures on H J, K L, &c. 
Consequently if the fluid were all removed, and a 
pressure equal to that originally on A B be applied 
to that line, and also a iircssnre to every line p 
w M, &c., in the triangle, the pressures being always 


jiroportiunnl to the lengths of these parallels, the parallelogram in which the pressed 
triangle is inscribed will still be at rest. But file resultant of all the pressures, thus 
tinifurmly difliuscd over the triangle, must paas through the centre of gravity of the 
triangle. Hence the centre of gravity of the triangle ia the centre of presstuu of the 
fluid on the parallelogram; and conaequently the omitre of pressure on the parallelogram, 
one of whose sides is at the surface of the fluid, ia on the bisecting line £ F, and at a 
<lcpth equal to two-thirds the depth of the opposite or lowest side of the parallelogram. 
Again: suppose the upper side of the parallelogram to be below the surfiiee of the fluid 
but parallel to it, let H J, for instance, be the upper side of the parallelogram, and D C 
tho surface of the fluid. Then, as shown above, the pressure on the pawllelognun H C 
may be replaced by a pEessuro uniformly diffiwed over the triaag^ £ m n; and the 
pressure on the parallelogram A C, by the extension of ^ pressure on Emu uniformly 
over the triangle £ A B: honoe the pressure on file pamllelegramA J may he rqdaced 
by a pressure uniformly spread avmr the trapezium A m » B. Consequently the centre 
of pressure of the pacallelograra A J is the centre (tf gravity of the trapeshim A m n B. 

As, in the first case, when the upper side of tho parallelogram is at the sutfooe of 
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8PSCSIX0 OR4TITIX8 OF BQSIBa. 


Iho fluid, tiwomln of tb« pcuMure i« wne Um E F, and ut tiw Mino 

dcptib, bouvror dose tbe, middle point E u io4ii autoamiflM D, G-<fliat ii, however 
deader tlmpenUdogiam m»fbe--4tlidlowu flmt IlmeiBtre of poeenure of a etmight 
liaa S F, heving <me extremitp at the eurfiuM of the tfadd, ie at ffda the kngUi of E F 
below E. The centre of proaim being the pmnt about which all the jRuaiiiig fbroei 
halmee, it ia evidently the pdnt meet in need of ea^port, or where the oppoaing finoe 
demld be more applied to indat the preaeBre of the fluid on the auz&oe, and 

thus to prevent mptme. The atavea of vata and eaaka, which may bo regarded aa ao 
manyweotan^ee, dioald be each moat. eapeciaUy atrengthened at one>tl^ of their 
lengtha from the bottoBB. 

flgaatflc flhmwitlaa of Befli a a * W hen bodice are oompared together, having 
the same epedfle gravity, any vofauae of oimmnat of oonree have the aame weight aean 
equal vdnme of each of the otheia, lo that the weighta of audi bodioa are to one 
another aa theb volumes. The volume of any inegnlar body may be asoertained by the 
bnlk at vrater it diaplaoes by being iauMraed (tbouf^h conveniently ikom its weight 
and qiecifio gravity); or, for the purpose of eomparii^ different volumes, we may merely 
observe the height to which the water rises in the two cases in a cylindrical veassl, 
upon tim immersion of the bodies. The fbUowing ii aa example. 

ExtmtpU. —A mass of gold immersed in a cylinder containing water, caused the Bur> 
fime to rise e inches; a mass of silver of the same weight caiised it to rise b inches; and 
a mass still of the same weight, but composed of ^d and sUver, caused it to rise 
e inches. What was the prop(»tion of gold and silver in the compound } 

Let » he the volume of the gold, and y that of the silver: then as the volumes 
immersed are as the devatums of the surfisce caused by the immersions, we have 

s: a :: x<4-y volume of the mass of gold 


Q 

« : i :: * + y : - <» + y) »» .» » »» 

The weights of these msssss being equal, let W bo tlie weight of each; then the 
weights being as the volumes when the q>oeific gravities are the same, 

- ^ ~ fhc weight of gold in the compound 

e « 4? -f- y 


+ : y : : 'W’ ; ^ n •• silver „ „ 

• I a Wy 

••a* + y+**4.y~" 
bex + «y = a4 (» -f-y) 

(As **• 00 ) « = (o4— «) y 
X : y ;: a (A — s) : A (tf — a) 

It is pKdtaUe that in some such way as this Archimsdes solved the inohlem pro- 
poeed to him hy meio, King of Syracuse, who having ordered a crown of gold to bo 
made, Buspeeted that the erown(.fnniished to him was a mixture of gold and nlvor, and 
wUied the traOi to he ascertained without injuring tha worlonanahip. 

As the wdgh^ of one volume is to flutt of another of diflisrent BpseiAe gravity as the 
piodnet of volume a«d spedflo gravity of the fonner to flie product of volume and 
•peetfle gravity of the latter; theiefiirB, if S, S' represent the spscifle gravity of 
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gdd and Bilrer rapoctiinely, the irei^taof iP aody wffl betho one to the other as Sx to 
S>; therefore, hjr tiM foregoing* pi o ^fattton, 

vt. of the gold (x): ert of the eilFer (y) :: 8 : i (c — e) S' 

S . 

^ S' ^ 

Coneequontly the -yright of the^opm pound ia y 

the wdghtof tiie ailTer in tho o<nnpoimd j ^ ^ } 

PnonLWt.—Having given tho yolumea and apeciflo gravitiee, or the woighte and 
apeeifie gravitica of aovoral bodiea, to find tho apedfic gravi^ of the compound. 

1 . Let tho yolumea V}, Vs, V,, &c., be givaa vith the apecifto gravities S^, S 3 , S 3 , 
&C.; and lot S be the apecific gravity of tha compound; then since W = STy, vo have 
for the weight of V| - 4 - V 3 - 4 - V, - 4 - &c. 

(S,V, + S,V3 4-S,V,4.&c.)y 

= S (Vi -f" V 3 + Vj + &c.) ff 

. a _®i^i + ® 2 ^t + SjV, -J- &c. 

- 

2 . Lot the weights Wu W,, W^, &c., with tho specific gravities S„ Sj, S 3 , &c. be 

W 

given, S being tho apedflo gravity of the oomponnd as before: then ainco Y = wc 

_ by 

have for tho volume of Wi - 4 - W, ^ &c. 

. a 0^I “4" ”4" ^3 4* ^®*) ®i ®8 ®3 

• * ® ““ W, S3 s, &c: 4 - W3 S, S, Ao."^: Si 

If m equal volumes are mixed, the specific gravity of tho compound ia 


If in equal wdghts ore mixed, the spodfio ggayity of tho compound is 

g _ ”*S| S3 ,y., ,. Siw _ 

Sj S3 ... Sm*i "w ^ bjf • • • S», &c. 

Wlien thmn aro only two bodies to be compminded, then for^eqnal volumes, 

S = and for equal waights, the former value being an arithmetic, 

and the latter ain harmonio mean between me apeoifie gravities of tho two subsianocs. 

FiionLEx.—To determine the volume of any eahidiuioe, however irregular, of known 
specific gravi^. 

Let B be its qpeoifio gravifo’, and W its weight in ounces, then ainoe 
_ _ XT 

mm *■ . a « . iS X 


W=SVy.-. V; 


I'Tucrs— cubic feet. 
lOOOSoB. • 


la a similar way may the ei^eidty of an irregular vessel be ascertained. the 
weight of the water tiias will fill tiie vessel be ir ounces, then the capadty or volume of 

the vessel will be euUo feel If tho result is to be iu oubio inohea instead of in 
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Bincc 
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eabao &«t| tbe diyuor 1000 must bo replaoed W the midtiplier 1*728, *»*»««»»*» .HB? 

1000 

s 1*728: so that w being tbe number of the evdxditpois onnoes in tiie trdght, the 
mlume or capacity will be T = 1*728 -g- eubio inehee. 

Should IT be the number of troj, ineleed of the number of eToirdupcM ounces, then 

1 os. troj : 1 os. eToirduptds :; 480 : 487*8 
1 os. evoirdupoiB = ob> troj = *911488 on. troj 

•*• ^ ~ ' Avy % oabio inehee • w eubio *nel»ffT , 

The dirisor *82746 is the troj wm|^ In os. of e cubic inch of water, as is obvious:— 
it is the value of ie when T =: 1 and 8 = 1. The troj weight of a cubic inch of water 
in grains is 283*1808 grains. 

It is in general easier to ascertain the weight of a minute bodj tbm to measure 
accurstelj its dimenuons; and thus the following is the method usufdlj recommended 
for finding the diameter of a small sphere of known spemfio grsvitj and aaeertained 
weight in grmns troy. d be the amall diameter and to the weight in grains troj of 
the sphere, and S the specific grarity of the substance of which it is formed; then the 
volume of a q)hero whose diameter is 1 inch beii^ *523898 inches, we have for the troy 
weight of an equal aphere of a-ater, 

1 : ‘823598 :: ‘283*1808 graina : 132*8648 grains, 
the weight of a sphere of water of 1 inch in diameter. 

Now the volumes, and therefore the weights, of spheres of the same substance being 
as the cubes of their diameters, wo have 

V : d^ :: 132*8648 grains : 132*56484^ grains, 
the weight of the small spheve of water of diameter d; tlierefore the weight tc of the 
proposed sphere is 

If = 132*5648<f>. S grains .*, d = *19612 


i 


I the ntmher of grains being put for tr. 

j liThen a body is wholly immerasd in a fluid, the weight lost is to the whole weight 
as the qiecific gravity (S) of fib84lid4 to the speciflo gravity (S’) of the solid, 
j The weight lost is the weig^fti of the ^splaced fluid ^ago 174); and, from the | 
I general relatioiaW=SVj, the weight of bodies of the same volume are as their specific | 
! gravitieB; therefore, wt of displaced fluid : wt. of aolid :: S * S' J 

that is, wt lost : whole wt : *. S : S’. . . (1) 

If the same body he immersed in another fluid whose specific gravity is S|, then 

wt lost : udiolc wt. :: S| : S'. . . (2) 

The second and fourth terms being the same in the proportions ( 1 ) ( 2 ), it foUowa that 
the weightB lost in the two fluids are as the specific gravities of those fluids *, and hence 
may be ascertained the ^weifle gravity of any fluid (obtainable in aufileient quantity 
for the experiment), when tiuTspocific gravity of any other fluid is known. 

. Also, the true weight of a body may be zeadJty detennin^ firom knowing what it 
w 4 ^ in each of two fluids of known qpecifle gnvides; for let W be the true weight, 
and If, uf the weights in two fluids whoss ^ecifle gravitieB ace 1^ 8': then the weights 
lost are W — u> and W — ic' respectively. 
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W — »<f: W — : S : S'. 

... S'W —8'lc=SW--S«p'. 

... (S'—S)W = S'w-.8i«<. 

“W = of the body. 

And thtu, from haring the true weight of the body, and the weight lost in one of 
tlic fluids, we may, by the proportion ( 1 ) above, find also the qtecific gravity of the 
body. 

By the true or absolute weight of a body is to be understood the weig^ of it in a 
vacuum, tb^t is, five from the presence of even the air: the absolute weight, therefore, 
iR equal to the weight of the body in air, inereased by the absolute wmght of a> volunIP 
of air equal to that of tho body; but for bodies of small volume this minnte in cr ease is 
inappreciable. 

Example 1.—A piece of uniform substance, whose true weight is 64 grains, is found 
to weigh only 48 grains when immersed in distilled water: required the specific 
gravity (S) of the substance. 

Tho weight lost is 64 — 48 sr: 16 g^ns, 

16 : 61:: 1 (specific gravity of water) : 4. 


Ilcnce the specific gravity of the body is S = 4. 

2 . A body weighs 130 grains in one fluid, and 68 in anothar; but the true weight 
i>f the body is 240 grains: required tho relative specific gravities of the two fluids. 

'fhe weights lost are HO grains and 172 grains, and (page 178) these are os the 


gravities of the fluids. 


S 


110 


110 


— = , _ ,4 or S = rs? 
S 172* 17i 


S'. 


If one of the fluids ho air in which the body is weighed, and the other water of 
i-pecific gra%’ity 1. then knowing the upecific graWty S of the air, wo have for the real 
weight W of the hod)’, that is, for its weight in vacuo, 


W = = tc (»e — ♦O ^ *4" C'*" — *0 S* 4" ^®- 

= fp 4 - (w — «*) S very nearly, 

because S being a small fraction, S* is an equally imfB ftoction of it. 

The scales used in weighing bodies for tho puS|| 0 Ba^ cf oscertaming specific gravities 
, .'ire called the hydroUatU halame. The body to be’ ^ 

I weighed is suspended by a fine thread from ono of 
I tho scale-pans, and immersed, as in tho margin; 

; and when the weights in tho other scale-pan 
, ii.Ing tiio scale-beam into a horistmtol position, 

{ the weight of the body in the fluid will be dctcr- 
; inincd. 

{ But in what has preceded, the solid is supposed 
; to he heavier than on equal volume of the fluid in 
1 which it is immersed; when it is lighter than tho 
[ fluid, tho method of proceeding is this:— 

Take a body sufficiently heavy to sink the lighter body with it, when both are 
' united and inummed together in the fluid. Find the weight, in fluid, of the heavier 
‘ body by itself; tlien tho weight, in tho fluid, of the united mass: this latter weight 
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BODIES ELOATIEti IE TWO FLUIDS. 


; \nU obvif^usly be leu than the former; as the lighter body displaces more than its own 
! we^^ht of water, the diiTcrence w'iU aho«' bow twweA more. Call this difference between 
; the two weights tr\ and the truo weight of the lighter lutdy tr, then the weight of the 
t fluid displaced by the lighter body will bo le -f- ir'. Consequently, tr <4* '■ * ^ 

' (specific grarity of fluid) : S' (specific gravity of the solid). 


6'=sS 


tr 


w 


w 


j The weight tr', by which the weight of the difqtlaccd fluid exceeds that of the body, 
f expresses the bnoyaue^ of the body, or the upward pressuro upon it, in virtue of which 
! it would begin to ascend if left to itself. 

If tIio<q>ccific gravity of a body in the form of powder is to l>c found, the preceding 
method may stUl be employed: the powder may be imbedded in wax, or somo sneh 
yielding material, suflicienUy heavy to cause the compound to sink in tlio fluid; the 
weight in the fluid of the wax by itself being found, and then the weight in the fluid 
of the compound, the sjiecific gravity of the powder, previously weighetl in vacuo, will 
be given by the foregoing formula. 

l*KOBX.i3f.—Zf in two fluids w-hich do nut mix a solid be imniecscd, and rest parily 
in one fluid and partly in the other, to find the ratio of the two parts when the sjH'cific 
gravities of the solid and the fluids arc known. 

lA’t V' he the volume inimem*d in the lower or heavier fluid, and V the vulumc 


immersed in the upper or lighter fluid; then from the conditUm W =r we ncces- 
sarilv have 

VS4.V’S' = (^’ + V')S-, 


where S', S arc the sjHscific gravities of the two fluids, and S" the specific gravity of the 
&oli(L 

... V(S — S") = V'(S■' — S) .-. the raUo. 


Henro, adding 1 to each side, 


V + V __ S — S' 
“ S — S" 


If the solid float on one fluid, then in these results S — 0, that is, the upper port ji»!i 

V S' — S'* V -4- A' S 

V of the body is in vacuo; therefore — yr— = 


Consequently, if a body float fluid in vacuo, and then the lur or any other 
lighter fluid bo a^hnitted, the body will rise, and leave a less portion of it immersed in 
the original fluid. Also, if a body float On a fluid, tile part immcrsiHi V' is to tho whole 
iKidy \ -f- V’ as tho specific gravity S" of the body to tho specific gravity S’ of tho 
fiuid. 

Consequently if the body fioat upon a second fluid of specific gravity S^, and if Vj 
be tho port of the body immersed, then we have the two proportions 

^\ \: S' : S' 'k • y- g' — v S 

S" : S.) ® 

S, : fe' 


and V| : V' ; 


• V' 

That is, the parts of the body inimersed, or tho volumes of tho fluids displaced, are 
invoraely as the spf'cific g^ravities of those fluids. Upon this principle the instrument 
called hydrometer, for measuring tho specific gravities of different liquids, is con¬ 
structed. 
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Th* By4som«t«i.—^Therc are eevend modificaticnu of this useful instrumeut: 
in its siiuplust form, the hydrometer consists of two hollow 
spheres, usually of gloss—a larger, and smaller one below it, oom« 
municating with each other. Into the lower sphere mercury or 
small shot is introdueed, in order that the spheres may oink in 
the liquid. From the upper sphere rises a cylindrical stem, the 
axis of which is in the straight line through the centres of gravity 
of the spheres; so that when the instrument rests in the fluid, 
the stem nmy bo vertical. Let the instrument bo placed in 
water, the stem wiU sink to some point A; let it then be placed 
■ in a liquid L that wUl cause the stem to sink to B; tiien, by 
the above-mentioned pniposition, the specific gravity of L is to 
that of water (1), as the volume or magnitude of tho body A C, 
to the vbhano or magnitude of B C. 

.. /.T volume of AC volume of (DC ■—DA) 

spec cgnivi y o volume of BC volume of (DC-— DB) 

The whole volume of the instrument—tliat is, the volume of water it would displace 
if wholly immersed in it—is regarded as consisting of 4,000 ]>art8, and the stem is 
ili Tided so that each division is one of those parts. Suppose the stem to contain 50 of the 
numh(Tt‘(] from D downwards, ami that it sinks to 30 in one liquid Lj, and to 
‘JO in another liquid L>; then 

Specific gravity of L ,_4000 — 20_ 3980 

Specific gravity of 4000 — 30 3970 

And in this way ore the specific gravities of different liquids compared. 

Nieholaon'a Hydvometav.— This differs from The common hydrometer chiefly 
in having a dish at each end, and in serving for measuring the specific gravities 
of solids as well as fluids. The stem in this instrument is a slender wire 
c»f hardened steel; and the adjustment is such that when a given weight 
—1000 grains for instance—is placed in the upper dish A, the instrument 
will sink, in distilled water at the temptfrature of 60' Foh., to the point P 
in the middle of tlio stem. It is used as follows:— 

To Compare the Speeific Graritiea of Two Liquids L, L'.—I.et W be the 
weight of the hydrometer, w the weight which must be placed in the dish A 
to sink the instrument to the point P in the liquid L, the weight which 
must be placed iu A to sink the instniment to P in the liquid L‘: then 
weight of the volume of L displaced = W 4 * u' 
weight of same volume of L’ displaced = 'W -j- u'l 

s pecific gravity of L _ W -{~ 

specific gravity of L' W -f- 





To find the Speeific Gravity of a Solid. —Let tp be tho wmght which placed iu tho 
dish A causes the instrument to sink to P in tho water. Plaoe the solid to be examined, 
or a fragment of it, in A, and let u>' bo the weight to l>o added to sink the instrument to 
P. Thou remove the solid to the lower dish B, and Ic^ir" be the additional weight to ' 
be added to the upper dish to sink the instrumeut to P. 

It is plain that tho weight of the solid in au‘, in A = to — w' 
and that its weight in water, in B = to — tc" 

Hence Ihc weight of water displaced by the solid to'* —- re' 
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— !L—is! — qiecific gmTity of the solid, tho spcciQo 
apee^ giBTity of vratvr w —w ^ 9 j > » 

gnHri<y*of vwtor being J. 

Or, witboot placing any additional weight in tho upper dish, obsenro to what dcpOi 
the stdid alone sinks the instnunont in water; then reutorc thu aoUd to tho lowor disii, 
and aame additional weight ir will bo neccssar)’ to sink the instrument to iA« tame depth 
so that, calling the freight of the solid W, wo shall have 

W 

specific gravity of the solid = 

The weight ^ of the solid under examination is readily ascertained by finding wh:ii 
weight supplying its ]dace in the upper dish will sink the instrument to the ssmedepth 
It is evidmit that the instrument becomes more sensitive tho slondurer the wire 
^em be made. If an additional small weight—a grain for instance—bo placed in the 
dish A, an additional grain weight of tho liquid must bo displaced by the sinking of a 
suitable additional length* of the stem; so that the finer this stem is the greater most the* 
additional length be. Tho duuneter of the stem is in gencnil ^^th of an indh; and tht> 
instrument will rise or fall nearly one inch by tho abstraction or addition of of a 
grain. For tho weight of a cubic inch of water is 2o3‘1808 grains troy; and tbcrefiuv 

the vedume of iV(th of a grain is ® cubic inch. Now the area of a transverso 

section of tho wire stem is X and if the volume due to ^th of a 
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grain, namely be divided by this area, the quotient will be about j^ths of an 

inch, for the length of wire that will rise or fall in water when the weight differs l>y 
iVth of a grain. In a liquid lighter than water the length will of course be greater. 

The hydrometer is the instrument used by officers of tho Excise to ascertain thf 
strength of spirituous liquors, or in what degree they are above or below proof. rriN)!'- 
spirits ooosist of half alcohol, or puro spirit, and half water; M-hon placed in this mix¬ 
ture, the exdseman’a hydrometer sinks to thu point marked proof iqton the scale; if the 
liquor be below proof, or have more than half water, the instrument will not sink so fui 
as proof; and if it be above proof, it will sink further, and the surface of tho liquor a-ill 
stand aiore proof. 

But in all determinations of qiocifie gravity account must be taken of tho tempera¬ 
ture of the substance at the time of the experiment; all bodies expand by heat, ami 
therefore become specificaUj lighter. Spirits more especially arc susceptible of this in¬ 
crease of volume by increasB of temperature: a cubic inch of brandy, for instance, will 
weigh about ten grains more in winter tbo " in summer, unless tho change of tempern- 
. ture is obviated by artificial means. It is neooaiary, thereibre, in measuring tho specific 
gravity of a liquid to notice to what extent tho temperature of it differs fiom the stan¬ 
dard temperature of 60” Fahrenheit; and then, from knowing by previous experiment 
the amount of expanmon or contraction of tho liquid for different degrees of tomporature, 
to reduce the specific gravity to what it would be at the temperature of 60^. 

We riliall now give a ibw examples in practical illustration of tho preceding articles 
^ on specific gravity. 

JBxampUo: 1. If a piece of stone weigh 10 lb. in air, and only 6-|lb. in water, re¬ 
quired tho specifio gravity of the stone.—Ans. 3 077. 

2. A piece of elm weighs 151b. in air, and a piece of copper weighing 18 lb. in air 
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and 161b. in water is affixed to it; the oompotmd we^lhs 6 lb. in water: repaired the 
apcdfio gravity of the elm.—^Ans. 6. 

3. A piece of cast-iron, of specific gravity 7'425, weighed 40 oiiocos in ahr, and 35-61 
ouncM in a fiuid: required tho specific gravity of the fluid.—^Ans. 1. 

4. Beqidred tho number of cubic inchM in a block of 8t<mo of specific gravity 2 52, 
which weighs 1 cwt.—^Ans. 1228| nearly. 

5. A composition of 1 cwt. consists of tin of specific gravity 7*3i^ and of copper 
of qjkccific gravity 9; the specific granty of tho composition is 8*784: required the 
quantities of tin and copper in tho mixture. ~ Ana. 100 lb. of copies and 121b. 
of tin. 

6. The dimensions of one of the marble stones in the walls of Balbcck are, length 
63 feet, and breadth and thickness each 12 feet; the specific gravity of the stone is 2*7: 
required tho weight of the block.-—Ans. 683| tons nearly. 

7. A solid weighing 250 grains in air, weighs 147 grains in one fluid, and 120 in 
another: what is the ratio of the specific gravities of the fluids i —Ana. As 103 to 130. 

8. A cubical iceberg is 100 feet above the level of the sea, the sides of it being ver¬ 
tical : given the specific gravity of sca-water 1 -0263, and of the ice *9214 : required the 
number of cubic feet in the mass.—Ans. 936302452 cubic feet. 

9. The weight of a common hydrometer is equal to that of a volume v of water; 
the part to which the stem is attached weighs a volume v of water; tho radius of the 
sU-ni is r; and the specific gravity of a liquid, in which the instrument is immersed, is t: 
required the length I of stem immersed when in cquilibrio. 

Aiis./=-® r-J'' 

For a description of certain methods of taking specific gravities with extreme accu- 
raey, the student may consult the ELEMEXTany Ciiemisthy, p. 5. 

Bqodlibslausa it a Floating Body.—In order that a body may float on a 
liquid and remain at rest, two conditions arc necessary: * 

1. Tho weight of tho body must bo less than the weight of a volume of the fluid of 
the same bulk os the body; it must be equal to tho weight of the volume displaced by 
tliut portion of the bulk which is immersed in it. 

*2. The centre of gravity of the body and the centre of gravity of the fluid displaced 
by tho partial immersion, must both bo situated in the same vertical straight line (p. 173). 

These are tho only conditions necessary to secure the equilibrium of the floating 
body. If either of them be wanting, tho 
body (though it may not sink) wiB move, 
and can come to a state of rest Cnly when 
those two conditions are secured. 

Suppose, for instance, a body floating 
at rest on the water, as in the first of tho 
annexed figures, the centres of gravity 
of tho body and of the displaced fluid 
being in tho same vertical line, to bo 
disturbed from its position, u in tho 
second figure. The fluid displaced then 
becomes changed in form and utuation, 
though not in volume; its centre of gra¬ 
vity has shifted, and is no longer in the same vertioal with tho centre oi gravity of tho 
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body. Ixidy) liierefore, is now octod upon by two foroea tendin g to tutn it nmnd 
into the poatfeioii from which it has been disturbed; nanudy, the fonw due to the weight 
of the tody nciting downwards through G, and the foroo duo to the prenuro of the dis- 
' placed fluid acting upu'ards through G'. 

I 'When a body thus slightly disturbed tends, as in this ease, to return to its original 
posiUon of equilibrium, that position is said to be ono of at«M« iiquiUMum, in reference 
i to the disturbance in qucstiim. If the distuihanoe were to aet Tertieally on the body 
1 through its centre of gravity, and tfaerrfore tending either to depross' the body lower in 
I the fluid or tcfiaise it further out; in the former case the additional upward pres.^urc, 
' and in the latter the additional downward weight, would bring the body into its original 
state of rest, the equilibrium being always stable in referenoe to dis^banee in a ver¬ 
tical direction. 

UmUtbh efuiUhium is that position of the floating body, from whidi, if ^turbed, 
it yidds to the disturbance; and instead of recovering its original condition cf cquilib- 
' rium, departs from it more and more, till it finds eithorsomo new position of equilibrium 
! or upsets and sinks. 


'When a floating body is dightly disturbed from rest by being turned about its ci ntre 
of gravity, the line through that centre, originally vortical, becomes slightly oblique; 
the downward pressure or weight is then in the direction of a new vertical Une through 
the same centre; the upward pressure, t4X>, in consequence of the change of iigurc and 
position of the displaced fluid causing a cbuige in the centre of gravity of that fluid, is 
also in a new vertical Une. The point where this new vertical meets the slightly 
oblique line through the centre of gravity of the body, is called the metamUrc ; aim the 
vcilical itself is called the tine o f tupport. Wv have already seen tliat it U necessary fur 
the line of support to pass through the centre of gravity of the liody when Urn body is at 
rest (p. 173). 

The position of the mctacentro, in reference to tlic centre of gravity of the body when 
sUghtly distifrbcd, determines whether or not the disturbance will be counteracted, and 
the body right itself by returning to its former position of equilibrium; that is to sny, 
whether or not this position of equilibrium is a *tnbl* position. If tbo metocentre be at 
a point <m the oblique line, slightly turned out of its vertical position by the disturbance, 
which is ohove the centre of gravity on that line, then it is plau the upward prt'asua*, 
acting along the vortical (line of support) through the mctaccntrc, must ru-cstabliHh tho 
oblique line, or oms referred to, in its vertical position; for the centre of gravity is, os 
^ it were, a fijced point, round which 

the body toms; and the upward 
force at the metaecntre, above this 
centre, acting with a levcimgo and 
unopposed, must restore to the axis 
its vertieality. Ilut if tho meta> 
centre boAs/^the centreof gravity 
of tile body, then the upward pres¬ 
sure has a contrary effect, and the 
ohUque axis on which it acts is 
turned still more out of the vertical 
direction. 

For instance, G being the oentre 
of gnmty of the fl iq a t«*»g body, if O A' he the axis disturb^ from its otiginsl vertical 
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position G A, any force which no longer acts, and if m be the metaemtre, or pomt 
where the line of sapport ffm, passing throngh tiie centre of gravity g of the displaced 
fluid, meets 0 A', it is plain that the progress of the disturbance is arrested, and G A' 
restored to its vertical position. on the other hand, the metaoentre be situated, 
I in reference to tbo centre of gravity 6 of the body, os in the second diagram, that 
I is below O, then the upward pressure upon it assists the deviation from the 
I vertical; and thus G A' goes on inclining more and more. 

It is thus obvious, that when the metacentre is aiove the centra of gravity of the 
disturbed body, the disturbance will bo rectified, and the cquilibiiniii %hich has been 
I disturbed is Biaile, 

'* But when the metacentro is /lelour the centra of gravity, the distnrbance becomes 
I aggravated; and the equilibrium thus disturbed is mutablt. It is possible that the line 
' of support fftn may pass through G, the centre of gravity of the body; in this case, the 
I body remains at rest in its new position, for the conditions of equilibrium are then as 
rigorously fulfilled aa at first: the equilibrium in such circumstances is said to be 
I imiiffercnt; it is also sometimes called ntutral equilibrium. This kind of equilibrium 
I evidently has place in a floating sphere and cylinder, and also in a body, of whatever 
J shape, floating in a fluid of ctjual specific gravity as itself—^that is, if it be allowed to 
i call the equilibrium in this case Jtoatingy no part of the body being above the surface of 
i the fluid. 

j From what has now been said, it is obvious how important it is, in the construction 
and loading of ships, to moke the centre of gravity of the whole body so low that the 
. ini-tacontrc may always be above that point, even for a considerable diaturbance. The 
! centre of gravity is sometimes elevated above its original position, in a gale of wind, by 
• the shifting of the cargo. if the elevation be sufficient to bring it above the metacentro, 

, the vessel must capsize. 

I JExample .—A rectangular beam, the transverse vertical section of which is a square, 

and the Bpecific gravity of which is 
i one-half that of the water on which 
it floats, rests with one of its fseca 
parallel to the surface of the water: 
it is required to determine whether 
the equilibrium is stable or unstable 
in reference to a slight transverse 
disturlMince. 

Aa the transverse vertical sections 
are all equal squares, it will be 
suflicient to consider merely the 
middlo section A B C D. 

Xho centre of gravity of this is at 
G the middle of the squara, that is 
Gll = * AB; and if = J AB, 
then g will be the contra of gravity 
of the displaced fluid; for the body floats half in and half out of the water, as by 
hypothesis it is only half the weight of its bulk of water. £ F is the jdane of flotation, 
and H E the vortical axis through the centre of gravity G. 

Let now the body be turned round its centre of gravity, through a small angle 
FG/= fl, causing the line o%flotation to be r/, and the former vertical axis to beco mo 
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tlM ohliqiM H K ; wu bave to find the centre of gtarity of the di^laoed fluid 
«/C B in tbli heir pomtion of the body, end thenoe the point 0 where the vortieel y'O 
ontstheexiaHK: this 

point O is the mete- ^ 

Lot m, « bo the 

oentrea of gravity of ywM\\\w\W® 

the portione l&Qt, 

P G/, and let h he the 

centre of gravity of / 

U» p,«io, .0FCB. , 

Statics, ^ ^ 

oanacquently 
hg . mg ■. , 

thcrcforc gg’ is parallel -:r_ L. 

to mn 

gg" Mg £Gr t. .i. a a _a* EOr 

=SFCB-‘y= KPCB^ 

Now, as the angle of disturbance 6 is considered as very small, the portion K O i 
must be insignificant in comparison with E P C B: honco 

,_ EGe . 

gg — *'*’ EFCB • • • ' (^) 

Moreover, on account of the smallness of $, sin $ and 9 may 1)C regarded as equal; and 
we shall then have for the three quantities «n n, E G «, £ F C B, the values irn = 2Gm 
= |G£, GE being the distimcc of the vertex G from the base, or from the middle of the 
base, the base being small in consequence of the minuteness of 6. 

EGs = JGE* X 9, EFCB = 2GE« 

0)» 9^ = SC'JE X i9 = iGE X • = iGE X angle gOgT 

But Oy X angle yOy* = yy' ^GE = Oy, that is Oy = JGH 




--r'si.;:r-zi:;rrr 


OH = (J + i) GH = SGH GO = dGH ! 

Hence, the equilibrium is unstable, and thcroibre the beam will roll partly over, 
though di^laced through only a very small angle. Wbea such a position is reached i 
that the diagonal A G becomes vertical, the body will slightly oscillate till the resistance I 
of the flpid destroys its motion, when it will firmly set^ in a position of stahlo equi- | 
librium with the diagonal AC vertical. For it is plain that when tliis position is arrived | 
at, the centre of gravity G of the body, and tho centre of gravity y of the Replaced i 
fluid, are agun in the same vertical; W the inertia of tiie ndling mass will eanso the i 
axis C A to indine a little beyend vertical position, the centre of gravity y of the I 
displacement will thus move a littlo towards the right, as in the former cose, and y being 
now nearer to G, the vertical from y' will meet tho dightly incUned axis above G, so 
that the new position of equilibrinm into which tho body finally settles will bo 
stable. (See next figure.) ^ 
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In reference to the foregoing inyestagntion, it may be proper here to remark, that 
the student is not to infer that the resulting dotennination. of the metaoentre is merely 
a close approximation to its trae 
position ^m our haying re¬ 
garded 9 as depriyed of appre¬ 
ciable value. The metacontro 
has been defined to be a point 
where oeilain two lines inter¬ 
sect: these two lines approach 
nearer and nearer to coincidence 
os 9 diminishes. Now if 9, from 
any finite value, continually 
diminish, the point of intersec¬ 
tion reforred to will move along 
the axis, and will cease to movu 
and become stationary only when 
9 becomes zero; that is, when 
the two intersecting linos actu¬ 
ally coincide. It is this extreme 
limit of the interseotions that is, 
in strictness, the mctaccntrc. 

It is rigidly and accurately 

determined, from any general investigation in which 9 is assumed to be a small value, . 
only in the extreme cose of tliat hypothesis; that is, only when 9 has diminished 
down to zero. It will bo seen, by re-examining the operations above, that the 
final result strictly follows when 9 becomes zero; or when O is the extreme limit of 
the intersections of the line of support with the axis H K. The metacentre, in 
reference to a displacement in a given direction, is thus a fixed point on the vertical 
I through the centre of gravity; and has nothing to do with extent of disturbance. When 
I the b^y is at rest, the vertical through the centre of gravity of the body, and that 
i through the centre of gravity of the fluid displaced, become one and the same line: if 
the equilibrium be disturbed, these verticals separate, and the point about which, in this ' 
separatiem, they begin to turn is the metacentre. 

Flvi^ Gomaaukientinc through Bout Tn.hoo.— In speaking of the Level¬ 
ling Instrument at page 16d, we have regarded it as a vessel of fluid; and from the 

proposition which suggested a reference to it, 
have inferred that the two surfaces of the bent 
tube were horizontal or level: but the follow¬ 
ing direct proof that the surfaces of the fluid in 
any bent receptacle are necessarily horizontal, is j 
deserving of notice for its simplicity. We take ' 
it from the “ Gouts Elcmcntaire de MScaniquc'’ | 
of De Launay. i 

Let A B bo two points token in the interior { 
of the fluid, and on the horizontal lino wholly in the Channel of communication A B, | 
between the two ascending portions of the bent tube; these two portions being of any 
relative bulk whatever. ! 

In order that the two points A and B may be at rest, the pressures at A and B mint | 

__ 0 - - -* 
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I be equal, and sniat bo the same as the pressure upon every point of the line A B. JSow 
the prfssnn hki A is equal to the weight of the vertical column of particles C A : the 
' pressure <m B, on account of the obliquity of the arm B M, is not so easily found. It 
j may be obtained as follows:—The pressure on B is equal to the pressure on D, aug- 
i niented by the weight of the column of particles 1) B, The pressure on 1) is the same 
as that ou £; but the pressure on £ is equal to the pressure on F, augmented by the 
weight of the column of particles F £: consequently the pressure on B is equal to the 
pressure on F, augmented by the weight of tlie two columns of particles D B, F E. 
riocoeding in this way, and observing that the pressiiui on M is nothing, we see that 
the pressure on B is equal to the weight of the five columns of particles D B, F^E, II (*, 
K I, M L. And since the pressures on A and B are'equal, it follows that the fire verti- 
(m 1 lines DB,F£,HG, KI,XL,ar8 together equal to the single vertical line C A. 
Consequeutly every point in the sur&oea at C and 3d is at the same vertical distance 
from the horixontid plane pasnng throngh the two pointa A, B: these surfaces arc 
therefore horuontal. 

In ordm' that the foregoing phenomenon may always lie exhibited, it is of course 
necessary that tho fluid introduced into the tul>c be of uniform density, or that cipiol 
, vcitical columns of it press with equal weights. When two distinct flui<h>, which do 
I not intermix, balance in a bent tube, or in any tc'o vessels having a cliannel of free 
' coinmtmieation with each other, the pri»])(*rtion becomi-s modifii'd, as follows •— 
j If two fluids u'hich do not iutenuix arc in cquilihrio iu a btnt tulK', the heights of 

tlicir surfaces above the horixontid plane, 
where the tme fluid rtjsu upon the other, 
are inversely as their sj>eci.*il gravities. 

Lot ABC he the bent tube, with a 
flnitl A H of s]>oi-tfic gravity S resting 
u'Km another fluid IIBC of specific 
gi'uvity S', tho horixontal plane of their 
reparation being at 11. 

The pressure of the fluid A II on tho 
horizontal plane II is H X A £ X Sy; 
the pressure of the fluid C J, upward on 
the same plane, is H X C F X ; and 
the plane H sustains only tho upward pressure communicated by CJ, since, IIJ being 
horizontal, if C J were removed, there would bo no upward pressure on H. 

lienee, as the fluids arc at rest, the pressures ou II must be equal. 

IP S' 

I H X A£ X l^ = H X CF X AE X 8 = CF X S,or™=? 

; that is, the heights of the surfaces A, C, al>ove the horizontal plane of suporation UJ, 

I ore inversely as the qiecific gravities of tho fluids AII, C J. 

If S' = S, we then have tho case of a single uniform fluid before considered, and 
! the result gives A £ = C F; that is, the surfaces are at tlie same height above a hori¬ 
zon tal plane, or are level. Suppose above A and C, two other fluids of specific gravities 
S", S ', to be introduced into thew tube, and that the equilibrium remains undisturbed; 
"tben the new fluid in C' C communicates to the horizontal plane A the only upward 
IircssuFc it receives, and thin by hypothesis is balanced by the dou'uward pressure of 
I the new fluid in A' A. Hence, as before, 

I A'E' X S ' = C'F' X S" . A£. S + AE”. S" = CP. S' + C'F'. S'" 


1 
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Olid SO on for any number of suporposed fluids in equilibrio. Hence, if any number of < 
fluids Im) in equilibrio in a bent tube, the sum of the products of the rertical heights I 
into the specific gravities of the fluids in one branch of the tube, irill be equal to the i 
sum of the "corresponding products in tho other branch. The vortical height of cacdi ! 
fluid is estimated from the horizontal jdanc on which it rests; the height of tho lou'est | 
fluid H li C is estimated from the lowest point B; the vertical distance of B from II is 
tlic height in one branch of the tube; and the vortical distance of B from C is the • 
height in the (dher branch. i 

In illustrations such os the above, tho tubes arc always represented as circular; but, 
ns the reasoning shows, the shape of the channel which connects the tiro upper surfaces 
of a fluid together docs not enter into consideration. A pool of watiEtr connected by 
undcrgrtnmd open ]>assagc8, however tortuous, with an adjacent river, will, on the above 
principle, have its surface on the same level as that of the river. Also, water conveyed , 
by pipes from n rcserx'oir can never deliver a supply to any place on a higher level than 
the surface of the source, without tho application of mecbanicol force or pressure. j 

The student must be apprised that in discussing the circumstances of eqtulibrium • 

of fluids in tubes, though the shape of tho tube is of no moment, nor yet the seetioiinl i 
area of the branches at any height, provided only that these exceed a certain amount of 
sniallness; yet if the section at any part be so small as to bring into operation what 
is ('.iilcd capillaiy' attraction, the fluid surfaces in the two branches will not stand at the 
same level. If the sertion bo circular, the diameter of it should exceed -^irth of on inch, 
ill order that capillary attraction may not oppose that of gravity, and tiiua lessen down • , 
ward pressurt. We shall devote a short article to this curious subject presently. 

rituiii.KM.—Equal lengths of two fluids which do not intermix, and whose specific 
gravities arc as m to 1, are poured into a uniform circular tube; required the position 
in which they M'ill rest. 

I.ct rr li be the heavier fluid, and P'H the lighter, tho lengths of the arcs PH, P'll 
being equal; let a represent each of these 
lengths; and draw PM, P'M’ each perpendi¬ 
cular tu tho vertical diameter, ns also IIN 11. 

Then the lighter fluid PH is uphclj^m- 
lirely by the pressitto of tlic portion P R of the 
heavier fluid; hence the downward pressure of 
tbv lighter fluid on the horizontal plane H 
nlu^t Ik’ equal to the upward pressure of the 
portion P11 of the heavier fluid, transmitted to 
tliat plane. The heights of these equilibrating 
portions of fluid are respectively M' N, and 
M X; and as those are inversely as their spe¬ 
cific gravities, from what is shown above, we have 

M'N : MN :: w ; 1 M'N = M. M N.(1) 

Let the arc C P be represented by sc .•. C li=a—x, cud C P' =«—ip-4-o = 2a — x, 
thou M' N and M N may bo found in terms of a and r os follows, observing that 

H'N = M'C —NO 
and MN=MC—NO. 

M'C =r ver sin (2a — ar), NC = ver sin (« — «), MC = ver sin *; 

M'N = ver sin (2» — ver sin (a — x), 

MN rr ver sin « — ver sin (a — a); 
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» - 


1 


(l]^Ter M (2a —ar) — Ter sin (a —> «) = m ver ^ « — «MTersm(a—») . . (2) 
ttnoe Tariun = R — cos, where R is die radius of the oirelef we may usecosines 
instead of versed sines; and reduce the geometrical to the ordinary trigoD<mictrical codncs, 
tiuit Uy to the scale R = 1; wc shall only have to regard « and x as standing, not for 
lengths of arc, hut for the in those lengths; we shall thus have from (2) 

1 — cos (2a — *•) — 1 <4* cos (* — f) = w — m cos sr — «• -f- m oos (a — jr); 
that is, cos (a — x) — cos (2a — sr) = m cos (a — a) — wt cos r; 
cos (2a — s) -4- (m — 1) cos (a — x)ssm OQ»«; 

that is, 

cos 2a cos a <4* **'1^ ^ — 1) (co* o cos x tana Bva x)^m cos x ; 

.*. cos 2a 4* *ln 2a tan sr 4* (m — 1) (cos a < 4 ^ ain a tan sr) = m; 

.(3) 

sin 2a 4- 1) no A 

From this espnasion the trigonometrical tangent of the arc 'x may be found from 
the tables; and thence the number of degrees in that arc, or the angle which C F sub¬ 
tends at the centre of the circle. 

Let a then cos a = 0, cos 2a = — 1, sin a = 1, sin 2a = 0, and the expres¬ 
sion in these circumstances becomes, 


tan X = 


m -4-1 




f 

i 


m — 1 

If m = 1, that is, if the two fiuida bo the eame, then (3) gives 

. _1 — cos 2a I — (1 — 2 sin’ «) sin a 

tenx= - .* —3=--4-=tona, 

Bin 2a 2 sin a coe a cos a 

that is, the arcs a and x arc equal, as we otherwise know they must he. 

of a metatlas fl«id.— In all the preceding investigations the 
only force eujqMMcd to ect on the fluid is the force of gravity; we shall give an illustra¬ 
tion of a case in which the equilibrium is duo to the united effects of gravity and centri¬ 
fugal force. 

PnoBLBK.—A cylindrical vessel containing water or any other liquid revolves round 
its axis, perpendicular to the horizon, wi^Fu given angular veloci^: to dotenninc the 
form assumed by the internal surface of the fluid. 

The rotation of the vessel necessarily puts the contained fluid in motion, and this 
rnntimi continues till all the forces balance tad the fluid attains a flxed form and position; 
it is in this state of equilibrium that we have to consider it. 

Suppose AH D to be the form assumed by the surface of the fluid when the state of 
equilibrium is attained, and P any particle on that surface. , 

From P draw F M perpendicular to the axis of the cylinder, 

.md PK perpendicular to the curve at P. The forces which 
keep P in cqitilibrio are—1. Gravity, acting in the vertical 
direction N M; 2. The ccntrifttgal force, acting in the Imri- 
xontal direction M P; and 3, The prcMuro or reaction of the 
particle in the direction F N perpendicular to the surface; for 
’ it is plain that the vmtical and horizontal forces acting on P 
nre the only forces which cause the normal pressure of P on 
the surface IIF D; so that this normal pressure is the result- 
ant of the other two, and therefore, taken in the opposite direc¬ 
tion P K, nentrolizcs the former and keeps P at rest. 



























BOTATIKO FLiriDS. 


Let a be the angular Telooitf of rotaticm, tiiot io, the angle turned throng by HP or 
J F C in a oecond of time; then ^e circular arc tamed through by P in a oecond will be 
I ay, putting y for P M, that is to oay, the vdodty e, of the point P, ii e = ay. 

Now the centrifugal force acting on P ia 

' - = = «V (Dtnamics, page 145.) 

Also (Statics, Prop. IT., page 48), 

NM : MP :: gravity : centrifugal force.(1) 

that is, NM : y :: y : o’y .*. NM = ~ . 

Hie line N M, thus determined, is called the subnormal to the curve A H D at the 
I>oint P; and we sec that the curve is such that the subnormal at any point is a constant 
quantity. This property belongs exclusively to the parahola. Hence the surface of 
(‘quilibrium is that generated by the rotaUon of a parabola about its axis; that is, it is 
a paraboloid. 

In reference to the foregoing investigation, it may be useful to the student to attend 
to the following remarks:— 

It will have been perceived that the problem proposed is of a mixed character— 
partly dynamical and partly statical. The forces first generate motion in P, which 
point continues to move till these forces become balanced, and P takes a position of 
rest. The force of granty y, and tlic c.cntrifugal force a*y» both act dynamically, and 
are therefore to be expressed in feet. The symbol a, representing the angular veloci^ 
of rotation, is on abstract number:—^it is not an anple. Here, as in all dynamical in¬ 
quiries, angular vcloc'ity is estimated thus-A circle, whose radius is represented by 1, 
is imagined to be described about the centre of motion (about M in the present case); 
the semicircumfcrcncc of this circle is 3'1416; and the extent of arc of the same circle, 
turned through in a second, is a, the angular velocity of the rotation, which is therefore 
.'<-1416 multiplied by some number, whole or fractional. If, therefore, y or MP be 
measured in inches, the velocity of P is ay inches; if in feet, it is ay feet. As y is 
measured in feeb—>viz. y = 32*2 feet, it is necessary that M P or y should also be 
measured in feet; otherwise the proportion (1) would be incongruous. The final result, 

namely, NM= gives the length of NM in feet: it is 32*2 feet divided by the 

abstract number a*. Supiiosc the vessel performed 10 rotations in a second; then the 
angular velocity would be 

a = 3*1418 X 20 = 62*832 .*. a- = 62*8322 == 3947*86 
.32*2 , ^ 386*4 . . 

3947-86 3947*86 “®**®** 

TTc see that, with the same angular velocity of rotation, the curve is the same what¬ 
ever be tbe magnitude of the vessel: it is further obvious that, as the cylindrical shape 
of tbe vessel is no item of consideration in the above solution, the coudusion remains 
the same whatever the shape may be, provided that the horizontal aeetions be circles, 
and the vertical axis of revolution pass through tfaeir^entres. 

Suppose the vessel to bo itself in the form of a paraboloid: flien the velocity of 
rotation, ncccosary to cause all the fluid to run over, may be eadly determined. For 
the vessel wiU bo emptied as soon as every point P has, through ^e intensity of the 
centrifiignl force, reached the side of the vessel; that is, when the subnormal N M at 
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any point F ia identical \rith the BubnKmaal at tho poin^ vhero the horizontal line K P 

meeta tho ride of the veeseL 
* 

Calling, then, the constant subnoratol of tho gtren parabola 7, are hare */ =; - 

o* 

a the angular velocity per second at which the vessel must rotate in order i 

that the empty paraboloid, funned by tho rotation, may coincide witli the concavity of 
the vessi'l itsidf. 

From this expression fir tlm angular velocity, the time in which each complete 
I revolution must be performed may be ascertained thua :•>— « 

4 

3’1416 

a : 3*1416 ;; 1 sec. : -sec. = time of n semi-rotation 

a 

*1*1 4 !! I* tl 

time of a rotation =: 2-= 3*1416 X 2^1 seconds 

a yijf 

\ 

the subnormal I being measured in feet, and y being 32*2 feet. It a]>]>ears, therefore, 
that with this rate of rotation, the fluid will rise and nifTover the vessel, till only what 
covers and adheres to the sides is left. 

The annexed figure will illus¬ 
trate the manner of communica¬ 
ting rapid rotatory motion to a 
vessel of water. D and E are 
two pulleys, round which passes 
an endless cord; by means of a 
winch C, the vi'ssel may be 
made to rotate round its vertical 
! axis A B as rapidly os wc please, 
j Capillary Attraction and 
I Aapnlalon.—^Thc remarkable 
! phenomena of capillary attrac- 
! lion and repulsion has already 
been described and fllustiatcd at 
1 pages 19 and 24 of the present 
j volume; and little more than 
mere description and illustration can, with propriety, be given in this work. Common 
f oljscrvation shows that the surfaces of solids in general, unless they arc unctx^us sur- | 
fa'^'-s, attract the particles of water: this is more especially noticeable in glass. If a I 
• plate of glass bo dipped in water, and then gently withdrawn, a line of fluid partieles 
will be seen suspended from tho lower edge, and the whole surface will bo wetted, show*' ! 
ing that there exists an attraetion between gloss and water. ! 

It is to tliis attraction that the rise of water in a capillary tube is attribubri: the ' 
bore of such a tube being very minute, from 3 ^^ to of on inch in diameter, the 
thread of water is so slender that the surface of glass, above its upper extremity, may 
exercise attractive force sufBciqpt to raise the upper particle, when tho contiguous J 
partisles must follow to fill up tlie vacuum; this lengthening of the thread inmeasing 
till gravity, or the weight of the little eolumn, counterbalances the capillary attrootiou. ' 
It is obs^ed that the height to which the water is raised in a capillary tube, is , 
inversely as the diameter of the tube. And this fact is sufiloient to teach us the form ' 




j FOUir OF CUUVB JIBTW’BSir TWO P 

* - -- - _ 

' of the uunru which the upper surface of water assumes w 
I glat I plates a*hich ombraco it, as mentioned at page 20. 

For the distance between the plates at U, is to the 
distance between them at C, as the height of the liquid at 
0, to the Iw'iglit at >11. Hence, putting AB = x, and 
AC = x", and the rorn'sponding heights y and f/, and 
remembering, from Euclid Prop. 2, Book VI., that the 
distances between the plates at B and C are as AB to AC, 
we have 

* : z; :: y : // ry =z zy 

that is, the iwtangle zy ia a constant quantity, wherever 
I B may be within ilic limits of capillarity. As this is the distinguishing property of the 
ifypcrbola, the axes of n'fcn*ncc being the asymptotes, we infer that the curve presented 
j by the tipper surface of the fluid interposed between the plates, is an hyperbola. The 
! curve fcnses, of eotirse, to he tJiat of the hyporlmla beyond the limits of capillarity: at a 
ilisUuiee from the junction of the plates, at Avhich the interval between them exceeds 
:ibout J„th of an inch, the curve will terniiiMte : there will still be nu elevation of the 
li'piid up the side of cat h plate, but the lino traced hr its surface will become a straight 
line. 

Whole tlie distance between the plates is jnoth of an inch, tlie fluid, if water, is 
I'bstTvt'd to rise o inches; and therefore where the distance between the plates is to'o^ 
‘ of ail inch, the ri.se of the M'iiter is 2^ inches. The elevation of the liquid is found to be 
ijiiite indepcmlent ofihe thickness of the glass; if the bore of the tube, or the distance 
betwr>en tile interior surfaces of the plates, be the same, the elevation is unaffected by 
the thiikiu ss, S I tliat the quantity of matter mi the glass does not contribute to tbe 
a’-cent of the fluid; and if the interior surfaces of the plates, or the bore of the tube, be 
I oated with a film of oil, the capillarj' attraction is destroyed. On this account it has 
, bi cn inferred that the attraction is exerted entirely by the surface of the gloss, and that 
the liquid must be in complete contact with that surface for the phenomenon to take 
j'l.ace- the attractive energy, it would seem, h.as no penetrating power, it being stifled 
:iiul rendered inoperative by the inleiqioiiition of oven the thinnest lamina of oil or 
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grease. 

It may bo remarked, too, that the elevation of tlie fluid is not near so great between 
)>lates, in a tube whose diameter is equal to the distance of the plates ; the rise is 
soiui'tliing less than half as great in the former case as in the latter. But this might be 
expected, as in the tube Hie lliread of fluid is completely surrounded by tlie glass sur¬ 
face t tlie same law, however, namely, that the height of the fluid is inversely propor¬ 
tional to the distonec between the plates, is observed to have place. 

'J'he fluids which exhibit the phenomena here noticed arc exclusively the watery 
fluids, all of wliich rise to different lieighte in tbe same tube; and some of the heavier 
list' liighcr than thii lighter: spirits of wine, for instance, rises only about |tha as high 
as water, which of all liquids rises to the greatest height. Mercury, however, docs not 
rise at all; on the contrary, the tube and the plates secgi to exercise a rcpellant oncyg}', 
and cause the mercury to descend : this is called cnpillary repulsim. 

The diameter of a capillary tube is not found by actual measurement; the method 
recommended is this;—But a known weight «' of grains of mercury into the tube, and let 
the length of tube it occupies be I inches; then representing the diameter of a trans- 
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yetm section of the tube by d, wo have for the Tolum© of the lucroury X ■78'54 j aud 
Bs B cubic of mercuty, when pure, weighs 3443 grains, wo have 

1 : X '7854 :: 3443 grains : u> grains; 

d=ij(- _ _ _) = -09123 .inches. 

\ W 3443 X •7864-' \ t 

Whatever the force called capillary attraction and repulsion may bo, it is plain that 
it cannot be analogous to that so umvcrsnlly diffused throughout the material uiiiversi', 
and called the foiie of gravitation ; Wause the intensity of thU inilueneu increases witli 
the mn— of the body escreising it; when jis th(5 capillary influence is more like that of 
electricity^ which, when in a state of equilibrium, seenVs to be confined to mere surfaces. 
It appears not improbable, therefore, that capillarity may bo a peculiar manifestation of 
eb-'ctric force exerted by the surface of the gla.ss on tho particles of liquid in its imme¬ 
diate neighbourhood. For an account of expeiiinents tt» prove the “ outsub’dness of 
electricity, the student is referred to the volume on Ei.f.mf.vt.mit CiirMi-sTitv. 

Conclusion* —We here terminate the elementarj' treatise on Tlydn^statics, whij’li, 
like the preceding treatise on Dynamic.*, has hcen pr<‘pared exclusively for thow' M'hi»«‘ 
knowledge of pure mathematics is limited within the range of the volume on the ^Iatiii - 
MJiTiCAl. SfiEXCKs in the present scrit s of tieatiso.s. In the tract now brmight to a con¬ 
clusion, we have been able to enter n little more fully into the subject proposed than w^ 
could with propriety Jo into the matter fairly (oniing under the hcaJ ol the fomu i 
topic; because in statics generally, as wtll of fluids as of solid Irodie*, there is b *3 «1>'. 
mand upon tho higher inleuliia than in Dynamic.*. But in both treatise,* our piini'i]);il 
object h.is been to convoy eb'ar concf-ptions of fnnJann'ntal prim. ijJes, and more esjie. 
cially trt impress an intrlHgible signification upon every synrbol employed. Ate ha*.e 
always thought that if thus much be faithfully piTformed in any (lej<aitment of scirmi e, 
the elementary instnutor may withdraw his aid, and may safely b-ave )^i^ pupil to hi.- 
own efforts, and the ordinary books, in the further prosecution of his in*|uiiit3. 

It is an unfortunate feature in many bor-ks on nppli*d »i itnee, otherwi~c valuable, 
that the preliminary matters here noticed are too ha.»lily dispo.*ed of. The learner i- 
often left to grope his way to the precise meanings *f the symbols ho uses in an indiru ‘ 

; and circuitous manner, without any real assistance from the writer M'ho undertakes t - 
' guide him. An.l the oon.«equence is that he U often compelled to regard the iiivestign- 
tion of a problem in physical science nierdy a.* an algebraical exercise, in which symbol-, 
and symbols alone, are alike the instmm' i.ts and tho subject-mattir before bis miiel. 
(iuantitics concrete and abstract—weight and time—volume and space—seem to him s(. 
jumbled together, in one and the samf' incongruous expression, that he ignores the 
' applicability of his formula to any material reality; and, in obedience to tho dictates of 
! common sense, is constrained to regard it as involving mere matlieniatical abstraeticjns, 

I having probably some mysterious connection with tho outward objects of sense; hut 
I what connection, it is beyond hi.s penetration to discover. 

■ Thc^'tudent of the physico-mathematieal sciences must vigilantly contend again.st 
! the propcr.sitj-, in dealing with his symbols, to leave out of siglit the things signified : 
ho had better abandon an inv(>8tigation altogether, than prosei ute it beyond the step at 
wiiicb it censos to he intclligiliic in reference to the purpose for which it m’OS under¬ 
taken. 




HYDEOBYNAMICS. 


IlyDnonYSAMiC's treats of the motion of incompressible fluids, and, as the name implies, 
j mort* t spceially of Tite consiieration of compressible or elastic fluids, whether 

! in a Rt'ite of equilibrium or of motion, comes under the head of PneumatieSy a subject to 
! M'liieli tlie conelusion of the present treatise will be devoted. But from our limited space 
• M-e arc precluded from discussing these remaining topics at any great length. iThis, 
liowevfi-, is scarcely to ho regretted, for the physical laws which regulate the motions 
of lin’d, are so imperfectly asccTtained, that, except in those few particulars which con- 
I stitule the mere elements of the; Bubjeet, the investigations of hydrodynamics, founded 
on h} pothotical data, ore of little practical value; and sometimes even lead to results 
, clearly <- litradiclcd by experiment. Wc shall, therefore, confine ourselves in this brief 
i summary to those elementary portions of the mathematical thcorj* which actual exporj- 
! mciil (or where the prai tieal obstacles to such confirmation arc clearly ascer- 
, laiucd, and may bo estimated and allowid for. 

If wattr run through a ]>ipe or (dlicr channel, always filling it, the velocity of the 
fluid at any p.art will bo inversely a.s the area of the transverse section of the channel at i 
tha*. purl. I'or let A, A' represent the area of any two transverse sections, the water j 
I L>'ing snpp.isi'd to run from A towards A', tlien whatever quantity passes through A, in j 
; a givi II tune the same quantity nm.st pass through A in that time ; since if a less quan- i 
’ tily pai^^i d through, then the fluid between the sections, always remaining full, would * 
be condensed; and if a greater quantity passed through, the fluid between the sections ^ 

I w'.uM be expanded, as the channel is always full. As each consequence is incompatible * 
with an ineompri-.ssihle fluid, it follows that equal quantities of fluid must pass through 
^ A and A' in the same time. | 

If, tli.-refi>re, the velocity of the stream through A bo f feet per second, and the vclo- 
I citv till', ugh A', !’ feet per second, we shall hare 

At’ = A'v'A : A’ :: e' : t' ; 

that is, the velocities are inversely as the areas of the sections. 

Spouting of Fluids. —The velocity with which a fluid issues irem a small orifice 
in the bottom or side of a vessel, kept constantly full, is equal to the velocity that would 
be acquired by a heavy body falling freely through the height of the surface of the fluid 
above the liole. 

. Supj) 0 'ic the orifice A to bo at the bottom of the vcslcl, then the thin lamina of fluid 
j covering the orifice A is forced out by the action of gravity upon it, and by the super- 
i ineumhent pressure of the column of fluid whose base is A and altitude A B. Conceive 
I the rolumn A B to consist of n such lamina’, thus supposed to be acted upon at A; that 
j is, calling the thickness of the lamina 1, let A B = n; then before motion, the statical 
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, forces or pressures on A arc its own weight, and the weight or pressure of the column 

A B, and theso arc as 1 to n; consequently the dynamical 
eirects of these forces, when motion takes place, must ho 
also as 1 to n. Now the dynamical effect, that is the velo¬ 
city generated in the lamina A, in the time of falling 
through its own thickness 1, regarding this time as the 
unit of time, is 2 (Dynauick, page 13d): hence 

1 : M :: 2 : 2if; 

therefore 2« is the velocity generated in the lamina A by 
the column of fluid in the assumed unit of time; and os 
this time is indefinitely small, it must Iks tlie vchn ity 
which the fluid has at the orifico itaclf, or tliat with which 
it actually s^iouts out; and as tho vessel is kept constantly 
full, the initial rircurastanci's continue invariable, so that 
the fluid is discharged with tho same uniform velocity. 

Now, if a heavy body fall freely tlirough a height h by the action of gravity it 
acquires during the time of fall a velocity r = 2A, that is, a velocity that would can v 
it through 2A in tho same time (Dyvamk-s, page 13t). Cons(y|uently the fluid ishues 
from the orifice A with a constant velocity equal to th.'it which a hcaty hoJ\ wouhi 
I acquire in falling through tlic height B A. 

If this height bo A feet, tho accelerating force of gravity being ^ = 32-2 feet, we 
have, for the constant velocity of the spouting fluid, e = the veliH-hy per 

second. 

The fluid spouts out with the same velocity whctlier the small orifice be in tlie side 
or in the bottom of the vessel, providi d 
only that in both cases the h(de be at the 
some depth below the surface of the 
fluid, since the pressure of a fluid is the 
same in all directions at the same depth. 

' The stream being, as it were, thus 
projected with a uniform velocity r, the 
curve it will describe in issuing fn>m tho 
side of a vessel (os in the margin) will 
‘ be a parabola, of which the directrix is 
, the horizontal line through B the sur- 
‘ face of the fluid (Dynamics, page 141). 

The hole through which the fluid spruits 
I must be so small aa to render tlie pressures at difierent ports of it insensibly different 
I from that at the centre of the orifice. 

{ ^uantltj of FluiA Diachurgod pea Second.—As the velocity is constant, 

I the quantity of fluid discharged per second is found by multiplying the area of the orifice 
by the length t/2yA; thus, if a be the area of the orifice, the discharge per second is ay/2gh 
cubic feet. Let A = 20 inches, and a = 1 square inch, then 

a \/2gh =: t/(2 X 32*2 ^ 12 X 20) =t/154d6 = 124*3 cubic inches. 

Since a |/2yA is the discharge ')>or second, in t seconds a quantity Q will be discharged, 
buch that 
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This, therefore, expresses the time in which a proposed quantity Q of the fluid will be 
delivered, Q being expressed in cubic feet. 

The Tena Contxaeta.—The foregoing conclusions respecting tho velocity with ! 
which a fluid spouts from a small hole in tho vessel containing it, and tho quantity of i 
the fluid delivered in a given time, have been compared with many carefully conducted ; 
experiments. Tho most satisfactory way of ascertaining practically tho velocity of the ! 
discharge, is by observing tho altitude to which tho fluid spouts when forced to take an 
upward direction, as in the accompanying figure. If 
the uniform velocity of the issuing fluid be that due to 
the fall f)f a heavy body from the surface to the orifice, 
the fluid ought to spout up os high ns that surface; and 
such is found to bo very nearly the case. We might 
expect that the theoretical result would not be rigidly 
fulfilled, hut that the height reached would fall a little 
short of the surface of the fluid in the vessel; because 
friction and the resistance of the air would act as op¬ 
posing forces. Hut there is another cause in operation 
which must now be noticed. 

AVhen a passage is made in a vessel for the exit of 
tho fluid contained in it, tlic equilibrium of tbc entire 
mass is disturbed, and motion takes place among all the particles. The instant that ' 
the i>lug 18 removed, the velocity is due to the direct pressure upon it; but as lateral and j 
ubhquc pressures all round the hole cause tho neighbouring fluid to flow sideways to- i 
wards the main stream, when this surrounding fluid reaches tho aperture it does so with ' 
a certain ^locity transverse to the direction of the main stream, which, in consequence, 
becomes ^^htly contracted a little bovond the opening. This contraction of the flui<l ' 
vein is called by Newton the rrtirt eouiraeta ; and it is through the section of the vena j 
contracta that the fluid flows, as wo liave supposed it to flow tlirough the orifice itself. 
Tlie distance of this section from the orifice is nearly equal to the radius of the orifice, 
Olid its ar<ui about £ths of that of the orifice. 

If, tlicrefore, the orifice be small—as, for instance, a gimlet-hole in a cask—the con¬ 
founding the orifice with the vena contracta can occasion but very little error in the 
height or distance to which the fluid spouts; but a considerable departure from the 
truth will result from calculating the quantity of fluid delivered in anytime on tho sup¬ 
position that the sectional area of the spouting stream is A instead of H A; for instance, 
in tho example above tho quantity of fluid discharged per second, instead of being 124‘3 
cubic inches, is only 77'7 cubic inches. 

If the vessel bo not kept full, and tho surface bo therefore allowed to descend, the 
velocity with which the descent commences will be to the velocity with which it passes 
through the vena contracta as the area of the section at the latter to tho area of the sur¬ 
face (page 195). 

Since the curve which the fluid spouting from a small hole in the side of the vessel 
assumes is that of a parabola—^the some curve, in fact, that is described by a projectile 
impelled in the same direction and with the same vclosity as the fluid at the vena con¬ 
tracta—everything cotmocted with extent of range, time of describing it, greatest alti¬ 
tude, &c., may be determined as in the theory of projectiles; the following are a few 
illiutratioiui:— 

If tlio fluid spout from a point in tho middle of the upright side of a full vessel, the 
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horizontal range arill be the greatest; and from points at equal distances above aud below 
the middle point the ranges will be equal. 

Let A B be the upright side of the vessel perforated at the middle point C, and also 

at two points D, £, equidistant frum C. 

Tho vebteity with which the fluid 
issues from one of these points, o-s I), is 
that u'hieh would be acquired in falling 
through B D. Since gravity actii during 
the whole full of the fluid to 1', u par¬ 
ticle arrives at P in the time that a 
body would fall thnmgh D A. 

Ilcnro the partidc at D has u hori¬ 
zontal Velocity that would carry it for¬ 
ward through a space equal to t: B 1) in 
the time that a body would fill Irum 
BtoD } const'queutly we have oiiI> to hud 
how often this time is contained in the 
time (»f falling from D to A and to mul¬ 
tiply 2 B D by the resulting nuiuticr, in 
order to gel the horizontal range A P. Xow the times of fulling through any hpuces are 
as the square roots of those spaces (Dv.najiicu, page 134}, therefore the required multi¬ 
plying number is ^ ^ : consequently, 

Kange AP = 2BD X = 2 l/BD.DA. 

If, therefore, with centre C a semicircle be described upon A B, and Hb ])erpcn- 
dicular D F bo drawn, the range of A P w'ill be twice the length of this perpendii-ular. 
(£uc. XIII. of YI.) [In the figure, P should be more the right.] 

In like manner, the range of the fluid spouting from £ will he twice the length of 
I the perpendicular £ K; and as these pcrj^cndiculars ore equal, being equidistant Irom C, 
I the ranges from D and £ arc equal. 

I As the perpendicular C L from the centre C is the longest that can be drawn from 
j AB to Uie arc of the semicircle, the range All = 2CL, of the fluid spouting fium C, is 
> the greatest of all ranges. 

I These theoretical results are fully confirmed by experiment when the orifices in tho 
vessel are small, so that the vena eoutracta may be sufliciently near the vessel to bo 
regarded, without sensible error, as at the orifice itself. 

As the perpendicular D F is the sine of tho arc B F, wc see from above that tho 
horizontal range from any orifice is twice the sine of tlic arc of a circle whose diameter 
is the depth of the fluid, and whose versed sine is the depth of the orifice. By the 
depth of the fluid may be understood the depth of the horizontal plane on which the 
range is measured below the upper surface of the fluid; for whether the bottom of the 
tBBSsel be in this plane, or be raised above it, makes no difiurence: the range from any 
orifice, measured on any borizoqfAl plane, is the same, provided the distance between 
riiat orifice and the surface be the some, whether tho fluid extend down to that piano 
or not. 

PnoBLEM.—A fluid issues from tho side of a vessel through an obliqUo jet: to 
determine the horizontal range. 


I 
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j Let a bo tlic angle of direction of the jet abovo the hotiaontal line, and h the height 
I of the surface of the fluid above the orifice: then (Dynamics, i>iigc 143) the range r on 
\ the horizontal plane through the orifice will be r = 27* sin 2a. This is greatest when 
bin 2a is greatest, that is, when a = the range then being R = 27*. 

The velocity with which a fluid spouts from a siunll orifice, as the surface of the 
I fluid desvends, varies os the square root of the height of the surface above the bole, 
j For tbc velocity at any instant is always equal to that acquired by falling from the 
I .surface to tlie orifice, and this velocit}' varies as the square ro<it of the space fallen 
' through: hence the velocity varies as the square root of the licigLt of ^ surface above 
’ tlie hole. Tlic velocity, therefore, is retarded os the surface descends, but not imiformly 
retarded unless the horizontal sections of the vessel are all equal in area; for the more 
' extensive the section—or the surface of tlie fluid—at any iiistiint of the descent, the 
mure slowly will it increase its di.stanee from the h*p of the vessel, and the less, there- 
. fill*, will the Velocity of the issuing fluid be retarded. 

j liut if the horizontal section-s of the vessel be all equal, then the velocity of the 
issuing fluid, us likewise the velocity of the descending surface, will be uniformly 
, retarded. 

For let V be the velocity of the descending surface at any in.stant, and r that at the 
orifice: let aUo the areas of the surface and orilieu be A and a. then (page 



Xiiw, a.s eIiowii above, r varies os the square root of the space < between the 
d^seendiiig suilUeu and the orifice . we may put, therefore, s for e, and write 
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> 
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y/2fs 


by putting 2/for As tliis agrees with the general expressions for the velocity 

in unifiirmly accelerating or retarding forces (Dy.vamics, page 134), we infer that the 
velof ity Y is uniformly retarded; and since r is V multi plied by an invariable number, 
we conclude tliat r, the vdoeity of the spouting fluid, is also uniformly retarded, 
t ‘onse«iucntly, the voluiiie.s or quantities of fluid diachargcd in equal times decrease os 
the numbers 1, 3, 5, 7, Ac., taken in reverse order. (Dynamics, page 134.) 

If a vessel of uniform horizontal section be kept constantly full, thou twice the 
quantity wliieh Uie vessel holds will run out from a hole in the bottom, in the same 
lime that tlie vessel would empty itself. 

For the surface of tbc descending fluid is uniformly retarded os the fluid runs out, 
a;iu when it arrives at the bottom tbc velocity is destroyed: the space wbiuh the 
^arfaec Kuuld describe in the same time, with the first velocity of it uniformly con¬ 
tinued, would be twice the actual space described; aud tbc quantity discharged in any 
time when the vessel is kept constantly full, is the same as what would be discharged if 
the Buiface descended uniformly with the first velocity : hence the quantity discharged 
m the one case is double that disubarged in the other. 

ruouLEu.—To finA the time in which a ve.ssel of«uniform horizontal section will 
empty itself through a small orifice in the bottom. 

Let A bo the area of any horizontal section of tlic fluid, h the height of the vessel, 
and a the area of the orifice. Then the quantity of fluid that w'ould bo discharged in 
the time t of emptying, if the first velocity w’ere to continue uniform, would be twice 
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the contents of lljo vessel; thot is, the quantity would bo 2AA, 8i> that if v be tho 
velocity with which the fluid would then uniformly issue, we should havo 

2AA 


air = 2A/i 




ov 


But page 196, r = v'2pA .*.< = - X 2, = ^t/ 

o v -<//* « p 

which therefore cxpi esses tho number of seconds occupied in emptying the vessel tlirough 
the orifice. 

It follows from this expression for r, that the times of emptying cylinders or prisms 
through equal orifices in their bo^'s, vary ns A^ A. If the bases of the vessels bo equal 
in area, then tbe times vary as v If the altitudes are efjual the times vary ns the 
bases. The time of emptying any altitude A — h of the vessel is found by suhtrm ting 
from the time of emptying the whole height A, the time of emptying the height A': thus, 
since 


and t = 



t — f 


A 


u 


iv'/t 


-V A’)l/ - 
•J 


• 0 ) 


the number of seconds elapsed during the descent of the surfiu e of the fluid from tl:c 
height A to the height h'. 

The time in whnh the surface would descend from the height A It) the height A’, f i 
the time in which the fluid occupying this interval would ruu out, if the Vc.osel «ei> 
kept constantly full, hy equation (1) page 196, is 


Q __a;a-a) 

a\'i'jh ay'lgh 

Ilcncc the time of disehorging the propo.*<cd qu:iiitit\ Q, ulu n there is no supply 
from without, is to the time of discharging the same quuiilit} uheii the vessel is ke] I 
constantly fulk as 



A — h 
V ’ 


or a» — |/A') : 


A — A 
VA 


or as 2 


yA ’ 


or 2.1 — 


V 


A’ 

A' 


If the quantity (I be the whole content-s of the vessel—that is, if A' he zero—then 
the times of discharging the vesselful of fluid in the two cases arc as 2 to 1, aa already 
inferred at page 199. 

In order to teat the accuracy of tho theory by experiment, (1) is the most suitable 
formula for the purpose, since the time occupied by the surface in descending from one 
level to another can be correctly observed; but the instant when the last portion of 
fluid escapes cannot be accurately noted, for when the vessel is near exhaustion, the 
fluid ceases to fill the orifice, and is discharged in drops from the edges of the hole. Thu 
time occupied by tbc surface descending tlirough a certain space is found to agree very 
closely with the theorciical expression for it. 

nie Cleps 3 rdxa.—The elepfcydra, or wator>cIoc1r, is a contrivance for meoauring 
time by tbc descent of the surface of water in a vessel, tho water flowing through nu 
orifice at tbe bottom. The most convenient fonn for tho vessel is that in which the 
soiiisce descends through equal vertical spaces in equal times. This form may bo deter* 
mined as follows:— 
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Ijot the altitude of the surface at anjr instant bo Xy and the radius of the suriuce, 
that is, the corresponding ordinate of the generating curve, y. Then the velocity at 
tho orifleo at that instant is \/2yje (page 19G), and tho area of the descending surface 
a-y-, where v = 31416. Tho velocity Vof the descending surface is found by the 
theorem at page 19d, which gives 

ry* : a :: y'2ffx : V = 
where a Is the area of the orifice. 

Since Uic surface is to descend imiformly, V must be a constant quantity, M'hich can 
be suitabi)' assumed in reference to the whole time of emptying : putting e for ihi con¬ 
stant, we have 


c= \v/2yx — 

■K'r •' 


This, therefore, is the equation of the curve, the rotation of which about its vertical 
axis X will generate the surface of tho vessel. This generating cui-ve is a parabola of 
the fourth order. 

But the surface need not be a surface of revolution, or one having all its horizontal 
.sections circle.s. 'i'hcy may all be rectangles. Let tho sides of the rectangular section, 
at the altitude x from tlm base, be y and p, then the area of that section is pyy and we 
huvo 


<r = — \/2gx 
Plf 


n 2a-g 


.so tliat if p be the same for ( verj' section—that is, if the rcctongular sections have all 
the same breadth—the curve bounding tho vessel towards the lengths of these rectan¬ 
gles will be the common ])aral)ola. 

The Resistance of Fluids. —All bodies moving in a fluid arc impeded in their 
])rogrcss by the resistance of the fluid, which must itself be moved, in order that motion 
may take place in the immersed body. The resistance to motion in the fluid is of course 
mainly due to its inertia; friction and the tenacity of the fluid add somewhat to tho 
resistance, but tho retarding influence of these is too inconsiderable to render the con¬ 
sideration of them of much practical consequence. 

It may safely bo assumed thattlie resistance on a plane surface, moving with a given 
velocity through stagnant water, is the same us w’hen, the plane being at rest instead of 
the w'utcr, a stream moving with the same velocity acts against it. 

I f a stream net perpendicularly against n plane surface, or if the surface act against 
the quiescent fluid by moving perpendicular to its surface through the fluid, tlio resist- 
ancu will be as tho area of tho plane, the density of the fluid, and the square of the 
velocity conjointly. 

For tho veloiiity v of the stream being regarded as uniform throughout the whole 
depth of the plane, the resistance is tho same at every point of the plane, antf^herefore, 
other circumstances being the same, it is proportional to tho area A of tho plane. 

But the quantity of fluid matter striking against tho plane in a given time is pro¬ 
portional to tho density velocity of the fluid conjoirftly; and this quantity of matter 
strikes with a velocity r, and therefore with a momentum equal to 

quantity of matter X *’• 

llenco, D being the density of the fluid, the resistance of the area A varies as AJ)v\ 

If a body were to fall by tho force of gravity till it acquires the velocity v of the 
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stresBit the space fallen through irould bo » — J ~ (Dynamics, page 134); this, there¬ 
fore, would vary ns the square of the velocity, so docs the resistance ADt**; hence Urn 
xenstance varies as the M cight of a eoluiuu of the fluid whose base is the area of tlie 
plane, and altitude the space through which a heavy body must fall to acquire the velo¬ 
city of the stream or of the moving plane. 

The force w-ith which a stream acta pcri)cndicularly upon a plane opposed to it 
obliquelv, varies ns the square of the sine of the incliimtion of the plane to the stream. 





diaw A C in that direction, nieci- 


Bv—ing B C perpendicular to A B in 


C; draw also B D pcrpcndiculai 


to K C, 


Now tlie quantity of fluid act¬ 

X 

ing against A B is the tame as 

s'' 

that which acta perpendicularly 


;-npiinst 1)1$; it vwics, then- 

't - - fore, os the lengtli of U1); that 

~ A is, as the sine «if the angle A. 

If the velocity with which this 
~ quantity moves in the direction 

of the stream be represented by A C, then IJ C will repn*scut the velm ity witli which it 
moves perj>cndicular to AH; and just as H D varies as tlie sine of the angle so 
does B C var)' as the sine of the angle A; hence the force with which the stream acts 
perpendicularly upon the plane varies as sin* A. 

The force impelling the plane in the direction of the stream vai'ics as the cube of the 
sine of the inclination of the plane to that direction. 

Let B C, perpendicular to A B, repiet>eut the force on A B perpendicular to it; this 
may be resolved into two forces 

B D, D C, the latter D C in tlie ^ . ... __c 

dirGction of the stream, and the 

former B D perpendicular to that j y' 

direction. Now D C, the force in ■ y' 

the direction of the stream, varies ^ | / 

as BC sin DBC, thatisas BC sin \ 

A; but, as shown above, BC it- / 

self varies as siu^ A, therefore the / 

force in the direction of the stream ^'' 

varies os siu" A. ^ ’ 

This, of course, is on the as¬ 
sumption that the other compo- 

nent of the force of the sti-eam in its own direction—namely, the component represented 
by B A, in the direction of the plane itself—is of no effect. 

The force B D, perpendicula* to the stream, is as BC cos DBG — BC cos A; hence 
the force with which the stream impels an oblique plaue upwaida, in a direction perpen¬ 
dicular to the stream, varies as sin* A cos A. ^ j j « j 

It must be observed that in the foregoing propositions the piano u redded as toed 
while receiving the force of the stream, or else the fluid is regarded as quiescent andthu 
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plane as moving tbruugh it. If both be regarded as moving in the same or in opposite 
direct ions, then the velocity spoken of above must be considered as the relative velocity; 
that is, it is the difference of the velocities if the plane and stream move in the same 
direction, and the sum of the velocities if they move in the opposite direction. Thus, 
if V be the velocity of the stream, and v the velocity of a float-board of an undershot 
water-wheel, then the perpendicular pressure on the float-board will vary as (V — e)®. 

The student ha.<} already been apprised, at the commencement of the present brief 
tract on the motion of incompressible fluids, that the results of the mathematical theoiy 
often require considerable modification to render them accordant with actual experiment. 
This arises from the difiiculty of assigning correct values to all the circumstances attend¬ 
ing that motion. Wc have seen, in treating of fluids spouting from an orifice, that 
observation has discovered that the orifice is not the narrow'cst channel through which 
the stream uniformly flows, and consequently that Uie velocity there is less than at the 
venu eontracta, w'hich ought therefore to be regarded as the true orifice. 

It was found by Newton that the velocity at the vena eontracta is to the velocity of 
the oriticc us \^2 to 1; and since, in falling bodies, the spaces passed through are as the 
squari's of the velocities acquired, it follows that the space to be fallen through to give 
a body the velocity with which the fluid spouts from the orifice, is only half the space 
iu‘t;('ssary to give the velocity at the vena eontracta; that is, the velocity at tlie orifice 
would be acquired by a body falling through only half the altitude of the surface above 
the uiilicc. 

In like manner, in treating of fluid resistances, the commonest observation shows 
that a stream impinging upon a plane surface cannot have the full effect which theory 
a.ssigiis. The velocity of the stream is to a certain degree impeded by what may be 
tcrmt-d the back-water; moreover, the velocity is not in general the some at all depths. 
Yet the results of theory may usually be applied with safety in the compariaon of different 
similar coacs: fur instance, the comparative results as to quantity of fluid discharged, 
time* of emptying, i:c., from equal orifices in two different vessels, disregarding the vena 
contmeta, would accord verj* nearly with experiment. And, in like manner, fluid- 
;»re8isurf8 may be relatively estimated and computed from theory : for instance, though 
theory may assign an erroneous value fur tliu effect of a stream upon the rudder of a 
ship, yet the position of yrcatest effect os deduced from theory may very well accord 
with actual observation ; so the effect of a stream of water upon the floats of a water¬ 
wheel may ho incorrectly assigned by theory, and yet the degree in which the velocity 
of tlie wheel should fall short of that of the stream, in order that the greatest effect may 
j be produced, is found to be verified pretty closely by practical experience. 

To determine partii;ular values for the unknown, or arbitrary quantities, which 
I enter into a gcuorad expression, so that for those values the expression may be a maxi¬ 
mum nr a minimum, requires the aid of the differential calculus. Hut in the two cases 
mentioned above, the principles to be employed are so elementary, and the knowledge 
required of that science so trifling, that although in gonei*al we are interdicted froiu 
using tlic calculus, wu shall give the two prablems adverted to os a conclusion to the 
present poiiion of our subject. We may premise, however, that in order to determine x 
so that any expression of the form * 

A 4- Bx + Cx» Dx3 + &c.(1) 

may be a maximum, all we have to do is to di^gard the term independent of x —that is, 
the term A—^to write down all the other terms, first converting each exponent of x into 
a factor, and writing each exponent a unit smaller; thus 
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B + 2Cx + 3 Djc« -f &c., 

•nd then to c<)nate this expression to 0: that is, to solve the equation B 2Cx >4* 

-j- &c. = 0. The value of r, necoswry to render (1) the greatest possible—if it can bo 
xnade the greatest possible fur any value of x—will be found by solving this equation. 

rRO]iz.n 3 f.—To find the angle at which the rudder of a ship must be inclined to the 
stream so that the effect, in the direction perpendicular to the stream, may bo the 
greatest possible. 

It has been seen above that the effect varies as 

sin* A cos A, or as (1 — oos* A) cos A = cos A — cos’’ .\ = x — 
where x is put for the cosine of the required inclination. 

Since X — x^ = a maximum 
l--3x= = 0 .\z=zyk 

hence the angle whose cosine is t/4 he the inclination necessary. 

rROBi.KM.—The velocity V of the stream being given, to determine the velo< ity r of 
an undershot-wheel, aothat the greatest possible effect may be produced. 

The pressure upon the same area of float-boanl will vary as (V — r)®. As this 
pleasure moves with the velocity r, the effect will 1 m: greatest when 
(V — r)-r = — 2Vc® = n maximum ; 

in order to which, the unknown quantitv r must satisfy the condition 

Vi— 4Vr -4- 3r- = 0 
The solution of this quadratic gives 

r = V, and v = \Y 

The first value of v renders the propised expression a minimum • that is, the least 
quantity of work b performed by the wheel when it moves with the same vcbn.ity as 
the stream—which is obvioxui: the other value of r is that which renders the expression 
a maximum ; and shows that the greatest amount of work is performed when the wlu td 
moves with a velocity equal to one-third the velocity of the .stream. But for the prac¬ 
tical effects of water-power, acting through the medium of water-wheels, and other 
hvdraulic machines, the student b referred to the treatise on 1’ii-icnc.vi. Mkchaxtcs in 
the present volume. 




PNEUMATICS. 


Tub fluids treated of in the foregoing articles arc all regarded os inclastio or inconi- 
])ressi1ilo fluids: it remains for us to devote a fc\i' pages to the consideration of clastic 
or compressible fluids. The moat important of these is the atmosphere 'with which wo 
arc surrounded; and it is an especial reference to this, that the examination of the 
mechanical properties of elastic fluids is said to belong to the science of liifumatica — 
from a Greek term signifying, the air we breathe. 

Transmlssioii of Preasaze: CoaipzoBalon. —The mechanical properties of 
clastic and inelastic fluids arc in many important jiarticulars the same: tltc fundamental 
]irinc iple in Hydrostatics, for instaucc,—namely, that a pressure applied to the surface 
of a fluid, is transmitted undiminished in all directions throughout the entire volume of 
t!tc fluid,—holds equally whether the fluid be clastic or inelastic ; and in both cases may 
be put to tlic test of experiment in the same 'wa)'. If the piston A at page 162, play in 
a metal cylinder projecting into the interior of the vessel, and the piston be forced in- { 
wards along tbe tube by a ])rc8sure or weight of 1 lb. say, it w'ill advanco luider this | 
I pressure along tbe tubi' and tben stop - and it will be found that an additional pressure 
of 1 Ib. must be nppli(‘d to tbe pish)!) 11 to prevent its being forced out. 

In the ease of a licpiid the only cifect of tbe pressure on A is the transmission of it 
to ever}' j>ortion of tbe .surface of equal area. In tbe case of the air, there is another and 
I a di.stinct cfTcct observably produced—namely the compression of tlic fluid into smaller 
! volume; and it is found by experiment that the volume diminishes just as the pressure 
, increases: in oilier words, that the siiaec into which any quantity of air is forced to 
compress itself, is inversely ns the prvs.surc applied. How this truth was ascertained 
we shall explain presently : it is necessary flrst to establish the fact that air has weight. 

It is possible to conceive that a substance like air may have the property of transmitting 
I pressure, 3 ’ct that it ma^' not itself he a pressing or weighty substance. 

Experimental Proof of Atmoepherie Preasnre.—But that the air ex- j 
crciboa x>n:8surc, may be proved by many easy experiments: the boys’ sucker is : 
familiar to everybody'. This toy consists of a piece of leather with a string passing 
througli a perforation in the middle : upon being wetted so as to exclude the air, when 
it is pressed dose to a smooth surface, it is found that considerable force must be 
applied to the string to detach the sucker; and if the surface of it bo large, a stone of 
considerable weight may be thus lifted. What is it that tlius presses the sucker and 
stone so firmly together? Wo are compelled to answersthe air, which surrounds them 
both as if they wero one body. ' Before the sucker was applied the air surrounded it : 
the pressure, if any, was alike on its upper and under surface: but u'hen affixed to the 
stone the pressure on the under surface of it was excluded, while that on the upper sur¬ 
face remained the same; and os an equal pressure is exerted on t])o corresponding area 
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of tlie under surface of the stone, the two are, as it were, thus pinched or pri's.4ed 
together. 

Again: take a glass tube, a foot or two long, open at both ends, and therefore full of ! 
air; plunge one end into a Tessel of water: tlion wo know from the first principles of | 
Hydrostatics, that the level of the water will be the same both outside and within the i 
tube. lict, now, the air in the tube bo drawn nut by the mouth, or pumped out by a , 
machine fitted for the operation :-~ihe water will be seen to rise within, and at length | 
to fill the tube; and if the thumb be quickly applied to the top, m as to prevent th*- n- , 
admission of the air, the water thus filling the tube will remain suspended, ju^t it | 
would do if an ailditional column of water of the same height a.s the unimmi>rs'-«l ^lart j 
of the tube pressed upon the surface of the water in the vessel. In the abseru-• i«f 
this additional column of water, what is it that sustains the water in the tube ? 'NV, are | 
again compelled to answer, the pressure of the air which supplies it.s place. ; 

TTe have here supposed the tube to be only a A.>ot or two long f )t convenience, Imt j 
; careful erperiment has proved that with a tube of sufficient extent, exhausted of .-lir, 
the water would not cease to rise till it had attained the elevation of about 32 f et; 
which limit attained, it would remain stationary. On this large scale the experiii’cnt 
was actually performed in 1647 by the celebrated P.-iseal: he proetired glass tubes 1 1 >-( d , 
at one end, of forty feet long, and found that when filled with water in a deep livcr, 
and then raised vertically with the open end douTiwanbn, the fluid eeas.'d t** fail u In n 
water in the tube stood at about 32 English feet 21 inches from the surface of the riv. r. 
This experiment elearly proved that the pressure of the whole atmosphere on any ‘‘ir- 
faee was equal to the pressure of a column of water 32[ feet high on the sann- surfu <■. 
And thus was satisfactorily shown not only that air has weight, but what amouTil <-f ^ 
weight was sustained, by a given area of the stJrftico of the e.arth pressi-d upon by the 
atmospheric column resting upon it; the weight sustained would be i-pial to that of a , 
column of water on the same area about 321 feet high. 

The same conclu.sinn is obtained with a more managealde length of tube by lining , 
mercury instead of water. And in this way the experiment had been tried previimsly 
by Torricelli, and it is bonne called the Tnnri('«dli.an experiment •—it led to t!ie in¬ 
vention of the barometer. ‘When a tube about three f.-et in length, and eloa«'d at o.ne 
end, is filled with mercury, and then inverted in a basin of that fluid, the celuiu.’i of 
mercury held suspended in the tube is found to be about 29 inches above the surf.ire ; j 
and as mercury is about 1.3t times the weight of the same volume of water, we nnlvf 
at the same result,—^namely, that the pressure of the atmoHjihere on any area, is tlie 
same as the pressure of a column of water on that area of about the height 

20 X ISJ inches = about 32o feet. 

An exact correspondence between tbi^ results of such experiments made at wide 
intervals of tima must not be expected, because the weight of the atmosphere fluctuates, 
like the other cHingcs, in its condition. The average height of the mercurial c<dumn is 
about 30 inches, the ordinary range being between 28 inches and 31 inches; and a.s 30 
cubic inches of mercury weigh about 151b., every square inch of the surface of the 
earth, at the level of the sea, sustains, on the average, 151b. of atmospheric 'pressiirv. 

Weigfht of a Toliimo d£ AMx, —Besides the foregoing methods of proving that 
the whole atmosphere exerts a pressure upon the globe of the earth equal to that which 
wonld be exerted by a w>r of mercury 30 inches deep, covering its entire surface, a defi¬ 
nite portion ftf the air about us may be taken, and, like any other material substance, be 
actnilly weighed in a balance. 
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Let a vessel contaioing a eubic foot, that is 1000 ounces, of water be provided with 
a stop-cock screwed upon its neck. This vessel may be exhausted of its air by aid of 
the air-pump, a machine which will be hereafter described. Thus emptied, and the 
stop-rock closed so as to prevent the rcadmission of air, let the vessel be accurately 
weighed in a very sensible balance. (See Statics, page 111.) 

'NVhen the ex.ict counterpoise is thus ascertained, let the stop-cock be opened and the 
air admitted into the vessel; the vessel thus filled, with the stop-cock again closed to 
rut off all external pressure, will be seen at once to preponderate, and wo shall find it 
necessary to put about 523 grains of additional weight in the other scale-pmi to restore 
tho equilibrium; thus showing that a cubic foot of air at the surface of the earth weighs 
about 52.3 grains. 

cannot, of course, speak accurately as to a few grains more or less, but it will be 
n1w.iys found that at least an ounce more weight will be required to counterpoise the 
vo.ifiel when full of air than was required before tho air was admitted. 

Tt is in this way ascertained that when tin* h-arometer stands at .30 inches and the 
f rmperature of the air is .52'* of Fahrenheit’s thermometer, the weight of water is to the 
Weight of an equal volume of the air anmnd us as 810 to 1. 

X^w of Manlotte.—Having thus established the truth of the proposition that air 
, b.'is weight, we may now proceed to explain tho way in which tho law of Marriotte, 
namely, that the volumes into which air may be comijrwsed are inversely as the pres¬ 
sures ajiplied, is arrivi'd at. 

l.-‘t I>Ar bi; abent tube of equal boro throughout, or at least equally wide throughout, 
the shorter vertical leg. Conceive this tube to be at first open at both 
eu(!« C and D, an<l let a little mercury ho poured in, so as to fill 
the bend of the tube; the level of the mercury nt A and B will bo 

■ nt the EKime height A B in each tube, however dissimilar the two 
I portions of the tube thay bo (irYiuio.'.l.VTics, page IS"). Now let 

■ tli<' (:id C be elnsed, and let surh a quantity of n'.ercury be poured 
; in at 1> as will cause the surface, originally at C, to rise to B', half- 
' M-ay liefwi en B and C. Tpnn measuring the additional column of 
' nn leurytlms iiitrodiie< d into tho tube—that is, hanng previously 

maiked the levcd O .)f B’—if we now mark the level E when the 
! surface B has rist-n to B', we shall find that the length of the 
men urittl column O E is exactly equal to that of the mercurial 
! column (as shown hy the barometer) which represents the weiglit 
I of the atmosphere. The inference is this; wlien tho surface A 
sustained the pressure of only tho cvdiinin of air above it, the air 
in tho ‘■borter leg occupied the space B C; the air in BC was thus 
eompressed into the volume it then had, simply by tlie weight of 
j the atmosphere applied upwards to the surfacc B, 

But when the weight of ftro atmospheric columns pressed on 
tho surface B, tluit is, tho weight of the barometric column of nu'r- 
ciuy in addition to tho atmosphere, tlicn the volume of air in B C 
occupied only half the space, namely, B' 0; that is, tile original 
volume was compressed by the double pressure into //«{/* its former bulk. Again, il 
another column of mercury be poured into the tube at D, till tho air in the other leg 
occupies only one-third of its original volume, we shall find that tho height of tho 
entire column of mercury, measuring the differenee of the levels in two legs, is twice 



I 

I 
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that of the Jwromotric column; m that tho air iu fi C| when pressed upwards by the ^ 
weight of i/trte atmosphorcs^thc atmosphere itself pressing on the upper surface of tho 
mercury and the double barometric column—is compressed into onr^third of its original 
volumo. Besults in harmony with these are always found to follow whatever ftactional 
, portion of the whole atmospheric pressure be applied, and thiu tho law is cxpcrimentully 
established, that thd volumes into which air is compressed by pressures are iiivcrscly 
‘ as the intensities of those pressures. And this is only saying that tlto densities arc 
! directly proportional to the pressuroa. 

) As it is tho clastic force of the condensed air that thus balances the additional 
I pressures, we further infer that the dastic force is proportional to thu density or to the 
I force of compression. 

j A form somewhat more mathematical may be given to the foregoing account as 
I follows 

The mercury, at first poured into the tube at D, standing at the same level A II in 
' Ivoth logs, and tho end C of the tube being then eloM>d, the space B C is occupied by tie- 
air in its cxistii^ state of atmospheric pressure at the time of the cxi>eriincnt, which 
pressure is indicated by thu column of mi'rcury in the barometric tulte at that time. 
Fresh mercury is now poured in at D: its surface reaches the level E in one leg, ainl ‘ 

: some lower level B' 0 in the other, showing that the prew'sure t>f the air originally ticcvi- ' 
j pying C B, by now being forced to onntract itself Into C It', c.vercises an increas.-!! 

jire^urc; so that now it not only balances tlic ]irc<surc of the atmosphere, in it> 

‘ original state at D, but also the column of mercury O K. 

j Let 11 l>e the height of the mercury in tlic barometer; then the pressure on the* 
i original volume of air B C is that of a column of meremy of base B and height II, while ^ 
the pressure on the condensed volume, B'C, is that of a column of im-rciiiy of tho Ratin' 
}»nse and of the height II -f'* £0. Now, irherevcr B' may he, it is found by actual j 
measurement that 

n + EO : n :: BC B C; 

> and the pressures and volumes being as these linear dimensions, it follows th.at ' 

; Pressure on B’ C : Pressurt' on B C : . Volume B C’ ; A’olunie B V. • 

And the same proportion is found t>> hold whatever be tho original density of the ' 
air experimented upon; and it equally has place fur nil elastic fluids. ! 

[ The foregoing law, although generally called tho law of jrarriotte, is oquall)' j 
i entitled to be called Boyle’s law; as it was announced, independently, by tlie latter 
philosopLcr, at nearly the same time. It was discovered by Boyle in the year 1CG2. 

! . Since the force of compn^ssion on the air near the surface of the earth is that due to 

j the weight of tho superincumbent atmosphere, it f dlows that the air must bo rarer the 
^ higher we ascend; rarer, for instance, at the top of a iiictuntain than tit its base, a truUi 
, that has been turned b) practical account in the way of measuring tho lieight ■>f a 

> mountain hy observing, with the barometer, tho diffesenoe of atmospheric pressure ot 
I top and bottom. 

j ‘With the general theoretical principles and the practical construction of this useful 
I inatrament, wc here presume tho reader to lie already acquainted; for although some 
I nccouflt of the theory of the barometer might reasonably be expented in a treatiao on ^ 
j Pneumatics, yet, as the subject has been sufficiently discussed in the Meteoiu)I.ooy, in 
j tho present series, and as tho space now at otir disposal is too limited to permit of our 
I indulging in repetition, we must refer for the requisite information, upon what concerns 
! the barometer and tiicnnomcter, to the interesting treatise just mentioned. 
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Hoiislty of tlM AtauMplMFO BIffnroat Boiglita.—Since the density of 
air vanes directly ds the pressure sustained by it, the highto regions of the atmosphere 
having a less supeiincumbont load than the loerer, muet be pvoportienaUy less dense. 
This weight or prMsnrc, os already noticed, will be affected by temperature: and more* 
over, the same particle, or volume o{ air,'will weigh less, the hig^r it is situated 
above the surface of the earth, on account of the diminution in the force of gravity. 
But, leaving these comparatively unimportant modifying influences out of consideration 
—unimportant at least formodcratc altitudcs~-and regarding both the tempeepture and 
the Jaree of gravity as uniform, wc may prove that:—The densil^ of the atmosphero at 
. different bcigim above the surface of the earth, varies Ihup,—namely, when the heights 
increase in arithmetical progression, the densities decrease in geometrical progp^asion. 

Conceive a uniform slender column of the atmosphere to be divided by horizontal 
sections into i» equal parts; the number « being so great, that each thin stratum of air 
may he regarded os of uniform density: then commencing at the bottom or first 
stratum ff), the several strata may be denoted by 

*l» ®a> **^31 .... Sj, ... . (1) 

and their densities by 

^l» ^4* .... .... 

It has been sufficiently explained (UvnuosTaTics, page 166) that, in speaking of the 
density of any substance, we always have reference to some assumed unit of density, 
and that the weight of the unit of volume (the unit of weight) of the stimdard sub* 
stance, multiplied by the numerical expression (D) for the density of any other sub¬ 
stance, gives the weight of a unit of volume of that other substance. The abstract 
numbers (2) therefore will equally express the number of units of weight of the volnmes 
(1), provided we take the magnitude of «| or &o., for that of the unit of volume: and 
this fl'c arc of course at liberty to do, for in all investigations our unit of measure may 
Ip chosen at our convenience. 

' It may be well, however, in order to prevent confusion, to write the numbers (2), 
when regarded os so many units of weight, thus, namely:— 

tCi, tCs, M'4,.ir^.. 

Then, os the density of any stratum of air varies with the weight or pressure it 
sustains, wc have 
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Hence, putting w for in the foregoing proportions, alternating and compounding the 
ratios (Alobbuo, page 220), wo have 

*tffi : ujj + to, -I- ic, -f. w, -1-i- 10, : i le, : «>a + ♦i'a + *^4 + • • 

tr, : W3 wr, -f 404 4- • • • + m'* i: W’s- •*’* + + • • • -f 


to, 


's : tTj *4” 4* *‘’s *^ * * * '4* • • **^4 • •*’4 “f" *^4 "I" *^4 + • • • + “'ll 

Consequently, alternating, and having regard to the propentiona (3) and (4), we have 

(l| : d} :: dy : :: dy : dll, &o. 

Therefore the denaitiM of the strata «i, Og, 04, &o., of which the heights ars in 
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•ritlHMlttail j g w g w w l wt, U9 tikemadTW in geometrical prognarion; and oooaeqaently 
Hm pteaMmaBoalaibiad at diftraat altitudm am alao ia gaoautrioal progmaioii. 

iBBtian «f AlUtmAM ikm BatmMtmr«»Let A be the altitude in 
bat <tt mnj apot above the curbee of the aea, then meaanring dovnwardi ISrom that 
^ot, the dietimcee 0,1, 2, 3, Ac. bet, the preanuea upon ea^ bot will form a gcome* 
trical increaaing progreaeion, by what ia proved above. The rdntaon, therefore, between 
the numboia expreesing this progr es s i on, and the numbers 0, 1, 2, 8, Ac., ia the same 
as that between any numbers ia geometrical progression, and their logarithms. The 
numbers 0,1, 2, 3, expressing the diafimees downwardx from the highest point, must 
therefore be the common legaitthms of the numbers exprearing the corresponding 
pressures, multiplied by some constant factor or modulus, which eoaudant factor we 
may call S. 

Hence a exp r essing any lower altitude in feet, and P, p tha preaauma at tho altU 
tndes A, «, we ehall have 

A — a=:ElogP — logp = Klog- 

P 

If the lower station be at the level of the sea, then « = 0; and aineo the pressures 
P, p are indicated by the heights of the mercurial column in the barometer at the two 
statiems, we have for A, the number of feet in tbe altitude of the ui^er atation above 
the lower, 

- __, P_— I height of barometer at upper station. 

p height of barometer at lower station. 

' But bebm this fmnula can be turned to practical account, we must be able to 
assign the numerical value of the constant multipUw K. 

Let H be tbe height of the barometer at the level of the see, and H' tho height at 
aome known altitade A'; then 

Ai=Kta*g, = Klog?. 

Let A' = 1 foot, then 

E = 1 -r log or K = 1 4- log 

How when the barometer standa at 80*, and the temperature of the air is 55’ Fab., 
the weight of a volume of air is to that of an equal volume of mercury as 1*22 is to 
13568: hence the pressure of the 30 inches of mercury is efusl to the pressure of a 

^ iy|88 X _y jouiies of air of the same uniform denaity as that in which the 

l*2b 

barometer ia placed—thetla, of the air at the levdi of the aea. The height of this equi¬ 
ponderant ool uran of homogcncous air is therefore 

therefore, the height of the column measured from a bot above the level of tbe 
aea, is 27802 bet 

1 ^^|?802 = ^ + 27808^* 

b* (1 + { jjig - * + to.} 

(KAmcaneax. Sconoxb, page 270), tharelbie, negtecting the powers of ao eauU » 
bactionf^ 
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. 48429448 
“ 27802 


_ 2 ^ 

• 27802 •43429448 

or diving by 6, K =: 10670 fathoms. Consequently the foratnla Ibr the compntation 
of any altitude A above tho level of the sea is 

1 — toavn 1_heightof bar. atdtA_. _ 


A == 10670 log 


sea-level 


ththoma. 


The constant factor 10670 has been determined on the auppoaitioa that the tempera¬ 
ture of the air is 56” Fah. The more convenient multiplier 10000 may he employed 
^ instead by a suitable alteration of the temperature; that is, by the air to be 

in a different rtate. Experiment has shown that the altitude of a place, as deduced finm 
tho foregoing formula, will vary by ^Itth of its whole value for every degree by which 
the moan of the temperatures at the two stations differs from 65’* ; the variatkm to be 
added when the mean exceeds 5<5', and subtracted when tho contrary is the case. 

Now, tho difference between 10670 and 10000 is 070, and the difference between 

10670 and the value it would have for one degree less of temperature is = 24*5: 

435 

hence, to find for how many degrees less of temperature the diffureneo is 670, we have 
the proportion 

24-.5 : 670 :: 1* : 27". 

Consequently 55* — 27’ = 28'* is the temperature of tho air for which the altitude 
A in fathoms is 

A = 10000 log — 

^ height of bar. at the sea-level 

9 

And this value must be iaorcased or diminished by the r^th part of itself for every 
degree shown by the mean temperature of the two stations above or below 28*’. 

In taking the It^rithnm, we may employ only five figures for each, including the 
index 1 . Kcgarding these as whole numbers, we take their difference; then if E be the 
excess of the mean temperature of the two stations above 28", we must multiply this 
E 

difference by r^rr, and add the result to tiie said difference to obtain the altitude in 
' 43o 

f ithoms. This fraction of the difference must be subtracted if £ be negative. The 
following is on example:— 

Required the height of a mountain when the barometer at the bottom stands at 
29-68 inches, and at the top at 25*28 inches, the mean temperature, that is half the sum 
of the temperatures at tho two stations, being 47". 

The excess of tho mean temperature above 28" is 47" ^ = 19" 

10000 .... 14725 _i? 

hog 25*28 .... 14028 435 ”435 


19 

897 X is*” — 


.*. the height is. 727 fathoms = 4362 fe^ 

Where minute accuraey is required, certain particulats, here disregardedi must be 
taken into oonndoration; as, for instance, the latitude of the place of obeervetson, and- 
the dilatation of tho mercurial column, which lengthens to the extent of Tvivhth of-the 
whole for every additional degree of temperature: but tho determination of altitudes by 
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the foregoing formula will, in general, differ from the truth only by a fathom or two, | 
and win therefore bo sufficiently accurate for most practical purposes (sec Mbtkoruloqy, ; 
page 18). • I 

Thediighor wo ascend into the regions oftho atmosphere, the colder does it become. 
Thao are two reasons for this: in the first place, the direct rays of the sun pass through , 
the air without being arrested, as it were, as in the case of a solid body, which absorbs | 
a great portion of the heat poured upon it; and, in the next place, expenmciit proves | 
that air by rarefaction loses part of its original heat, so that when air of a certain tem¬ 
perature is relieved of part of the pressure upon it, and allowed to expand (as the air in 
the rccctTcr of an air-pump), it is found that the temperature becomes loss and loss as th(' ! 
pressure diminishes; so that if the original temperature is to he maintained, fresh heat ' 
must be communicated. As there is no external source for the supply of siieh heat in j 
the more elevated regions of the atmosphere, the superior coldness of those regions ’ 
becomes sufficiently accounted for. i 

Waigist of tho whole Atmospheso .—VTc hare already seen that the weight ‘ 
of the atmosphere surrounding the earth is equal to tho weight of a surrounding coating of 
mercury, on the average 30 inches thick ; the amount of this wciglit may be fouinl by 
multiplying the volume of the mercurial shell by the specific gravity of the mercury, 
and the pr^uct byy = 1000 ounces (IlToxosTATict, page 160). Let It= radius of the 
earth in feet, r=: height of the mercury in feet, ami s its specific gravity then sub¬ 
tracting tho volume of a sphere of radias R from that of a sphere of radius R >{- r, in 
order to get the volume of the spherical shell of mercury, wc shall have for the weight 
W of that shell, 

= ~ |3RV+ 3Rva+r»j sff 
= 4»r J R* -I- Rr -I- I # X 1000 pz. 


This weight the celebrated Cotes calculated to bo equal to that of a globe of lead of 


60 miles in diameter, or upwards of 77,670,000,000,000,000 tons. 

The weight of the atmosphere can be much more accurately estimated than its 
height, since the former can be submitted to experimental examination, while the latter 
is b^ond oar reach. But there are many cogent reasons which preclude the notion that 
the atnuMphere ^illimitablo. Thus, wo have seen that it has weight; that is, that it is- 
a wistor isl aiibif w^i, like all other material substances, operated upon by the attraction 
of gravitation. Thwe must be an elevation, therefore, at which its elasticity, or its 
tendency to expand farther upwards, is just balanced by its gravitating tendency down¬ 
wards, and which must therefore marie the limit of its altitude. Again, if its extent 
were boundless, the moon and all tho other planets would each, by its attraction, appro¬ 
priate a share of it; and, as in the case of our earth, the density of it would increase 


towards the sariiace of each planet; and, nmre especially as regards the moon, its pre¬ 
sence would become manifest astronomical observation. Bat astronomers find tho 
mo<m to be quite destitute of an atmosphere; it has no clouds, no rain; and the planet 
Jvgiiter seems to be in the — predhmmeni. That riie moon has no BtmosphMV, and 
eonseqaently can have no breathing inhabitants, is a ihet interesting in itself; sad it 
involves tiiis other foot, equally interssting, that our atnuispheie has its limits.. Asott- 
ratdy to assign these limits is beyond the power of sdenoe; but the phenomenon ef the 
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refraction and reflection of light leads to the conclusion that it extends to the height of 
about forty or fifty miles. The average between theao, namely, forty-five miles, is 
usually regarded by philosophers to bo the height of our atmosphere. But that this 
conclusion may rest upon something bettor than mere conjecture, we shall give the 
loasoninga by which it has been arrived at. 

Atmospherical refraction is caused by the bending of the rays of light fiom a lumi¬ 
nous body upon entering our atmosphere: till the outer botmdmy of the atmosphere is 
reached, nothing diverts the di¬ 
rection of a luminous ray. This 
lefraction of the rays of the sun 
‘ adds intensity to tiie twilight, or 
the light we enjoy after sunset. 

The twilight is found to continue 
till the sun is 18’ below the hori¬ 
zon. Jjct, therefore, AII be the 
iiorizon of an observer at A, who 
u'ill continue to hare twilight 
till the ray IS 11 from the descend¬ 
ing sun makes with B11 the angle 
S 11 B = 18’, and therefore the 
angle A 118 is 162'. 

The lost gliniiiicr of twilight is due, ao to reflection of the 

ray S II from the particles of the atmosphere at H, uid the radiUs C H being perpen- 
(lieiilar to the reflecting surface at II, the angles A H C, S H C must be very nearly 
< qual, and tlien fore each equal to about 81 ’. Now, taking the radius C A of the earth 
at 4000 miles, wc have by Trigonometiy, 

CTI = C.V cosec 11=4:^ 40M 

8111 11 sm 81' 

So that, according to this calculation, the height A U of tiie atmosphere is 4060 — 4000 
= 60 miles. 



The height of an homogeneous atmosphere that would press, as the actual atmo- 
sjihcre is found to do, may be readily ascertained. Thus, if we take the specific gravity 
■jf air to that of water as 1 to 860, when the barometer stands at 30 inches, and the 
.sjiocilic gravity of water to that of mercury as 1 to 14, wc shall have the specific gravity 
of air to mercury as 1 to 11,900. 

1 : 11,900 :: 30 inches : 357,000 inches =r 5-63 miles. 

This, therefore, would he the height of an atmosphere pressing with the same weight 
as ours ihics, and of wiiich the density is uniformly the same as the air at the surface of 
tiie earth. If tlio specific gravity of tbo air at tho surface to that of mercury, when the 
barometer stands at 30 inches, be taken as 1 to 12,000, tiie height of the homogeneous 
atmosphere will be 12,000 X 30 inches =: 10,000 yards = 5^ miles nearly. Hence tho 
height of the equiponderant homogeneous atiuosphoro would be about miles. 

The Syphon.—Tho weight of the atmosphere, like all tho other forces sponta¬ 
neously offered to us by nature, has by the ingenuity of snan been made subservient to 
his wants and convenienoes in a great variety of ways. Xuxt to the force of gravitation, 
uf which, indeed, the weight of tho air is only a pai'ticular manifestation, atmospheric 
pressure is perhaps the must important of torrestrik phenomena; and it is not easy to 
estimate the amount of extra toil and privation to which mankind would be subjected, 
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if the air we hreathe, like the light we sec, had no appreciable weight It is our busiucsn | 
now to give a abort account of some of the contrivances by which atmospheric presaun* | 
has been turned to advantage in the practical affairs of life, and to explain the principlex ! 
upon which these contrivances accomplish the purposes intended by them. The least i 
complicated of these is the Syphon. ! 

This inatrument is simply a bent tube ABC, employed for the purpose of exhaust- | 
ing a vessel of the liquid it m.iy contain, or of transferring it to another vessel without ! 
the practical inconvenience—i^Bon the practical impossibility—of actually pouring tin- 
liquid from the one vessel into the other. . 

There arc two ways of bringing the instrument into operation : the end of the , 
shorter log A may first be insi*rted in the liquid, and then the air in the tube withdrawn 
by the mouth through a small pipe communicating with the tube near the extremity (' 
of the longer leg. In this case there must bo a stup-coek betwecn«the pipe and (' t.i 



cut off communication with the atmosphere pressing through C. Such a syphon is l allr-l 
the distillci's syphon: it is exhibiU-^l in operation in the figure above. In the 
second way the tube is inverted and filled with the and tlie cuds -A, C closed ; the 
shorter end is then immersed and both ends arc opened. 

Suppose, as in the first way, that the tube, with the end A in the liquid and the end ; 
C stopped, has been exhausted of air : the pressure of the atmosphere on the ex[)uKed > 
surface of the fluid in the vessel acts upwards at A, and forces the fluid into tlic vni-ant | 
space with an energy sufficient, if it were water and the tube were straight, to carry it t'l j 
the height of thirty-two or thirty-three feet; and to a greater height if it were a j 

ligbtc* than water. As, however, the tube bends at a moderate height 11, the asceniUng j 
column is forced to accommodate itself to the course of the tube, and descends into the I 
leg B D C. Arrived at B, the highest point, its descent down U C is expedited by the 
direct influonce of gravity upon it; and C being opened, the liquid flows out. i 

l!7ow it must be observed that when the column has attained the height K B it is not ^ 
forced forward by the whole of the atmospheric pressure at £, but only by tliat pressuie 
diminished by the weight of the column £ B; so that w'hen the column had extende<l | 
itself to D, if the atmospheric air were admitted, the upward pressure on D, like that on , 
£, would be equal to the whole atmospheric pressure diminished by the weight of tlio j 
column D B; the two pressures, therefore, balance. But as soon os D is passed and the | 
column in B C lengthens, the equilibrium is destroyed, the downward pressure prcvaili^, j 
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and tho liquid falls through C upon finding a paasage there: and the longer the part 
D C of the syphon below tho su^aco D of the liquid tho greater will be the velocity 
with which it will issue, since the greater will be the preponderating pressure down¬ 
wards. 

In tho second way of preparing tho syphon, that is by first filling it with the fluid, 
it is brought, in anoUier nuuincr, into the same circumstances as when it is filled, as 
above, through the pressure of the air on tho surface of the liquid. The liquid will 
evidently cease to flow os soon as tho surface of it descends to a level with tho rising 
surface in the vessel to which it is transferred; at this stage, however, the syphon will 
remain full, as there will be a complete equilibrium. 

In the syphon just explained it is necessary' that the legs be of unequal length; but 
there is another kind of syphon called tho Wurtemhurg ayphon, in which the two legs 
are of the same length. In this instrument (see the first figure below), tho extremities 
i of the cqu.al legs ore turned upwards so that the tw o ox>en ends D, £ may be on the 
I horizontal level when tho syphon is held upright. The instrument is kept constantly 
filled with water, which remains suspended iu the two legs DAB, £ C B, because 
the equal uimospherie pressures at D and £ place them in a state of equilibrium; 
but if the leg terminating in D be immersed in water, the end D will sustain the addi- 
; tional pressure of the water reaching from D to tlic* surface, and consequently E being 
free from such additional pn‘ssure, the fluid is forced out at that cud. 'When the | 



Btirfacc of the water in the vessel has descended to D the stream from E stops, hut the 
syphon remains full, and, thus filled, is taken out and hung up by a loop at B till again 
wantetl. 

Zntexaaittiag Spilngn* —The carious phenomena of intermitting springs arc 
referable to llie foregoing principles. These springs, issuing from a fissure in a moun¬ 
tain side, flow for a certain period and then stop; after a while the water flows again, 
and so on. These effects are produced through the operation of one of Nature’s syphons. 
Tho preceding figure exhibits a section of the mountain and the stream. A cavity exists 
in the former, as here repTeaented; this by degrees is filled by gradual infiltrations, 
or by slender fissures oommunicating with the upper surface. 

Suppose, now, that there is a syphon-like communication between the reservoir of 
water, supplied by these channels above, and tho mountain-side; as this syphon 
is not artificially exhausted of air, it wiU not deliver the water in the reservoir till tho 
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curfiioe of Ibat water rises as high as the bend of the sjphon B, after which it will j 
begin to pouring out a continued strt'om till the rcserrolr is emptied, or at least | 
till the leTel reacdies the immersed end of the srphon ; the stream will then stop and will 
commence to flow again only when by a fresh accumulation of water from above the 
level of B is again reached. | 

It is of course a condition necessary to the production of these results tliat the sur- ' 
face of the reserx’oir be subjected to the pressure of the atmosphere; but through tho ■ 
Assures which supply the cavity with water, air must hare previously found its way ; | 
and, indeed, from the principle of the equal transmission of fluid-prossurc, the weight of , 
I the atmosphere acting on tho upper surface of the water in. a single downward column, ' 
I as on tho water in the slender perforation to the right in the foregoing figure, acts ; 
equally on every part of the surface of the water in the rescr^'oir. 

The BoumIioIA Piunp.—Tho common suclion>piimp is another important con¬ 
trivance which owes its usefulnciss entirely to the pr(>a«urc of the atmosphere, altlioiigh 
its dependence upon this agency wa.<> little suspi'Cted for many ages after its invention. 
As already noticed (page 206), Torricelli, a pupil of (talileo, early in the seventeenth 
’ century, was the first a'ho fully recognized the influence of atmospheric pressure, lie 

accounted for the ascent of water in the pump, 
and of mercury in an exhausted tube: and tho 
invention of the barometer naturally followed. 

The marginal figure represents a section of 
the suctiou-])Uiiip; A B is the tube, or woikitig 
pump-barrel, crinimunicating with the water in 
the well. In this barrel an nir-tight piston (', 
moved by the lever or pump-hundlu 1‘, fiecl)' 
plays. At the lower extremity of the woiking 
barrel there is a valve V opening upwards. 
this valve separates the barrel fii'in, and »oni- 
plctely covers, what is called tlie suf-ti<-n or 
feediug-pipc, whieh is usually of smaller bore, 
la the piston C there is also a v.ilve .«iiniilarly 
opening upwards. The piston C is called the 
auektr. 

Now, imagine tho piston C to be at first at 
the bottom V of the barrel, ami tlieii to be 
raised by the action of the pump-handle. As 
the piston is air-tight, the pressure of the air 
in the barrel upon the ascending valve C keeps 
it closed, so that that ur, having no escape 
below, is forced up and pumped out at the 
spout S. Tho vacuum thus produced in the 
i barrol is immediately filled up by tlie ascent of tho water through the feeding-pipe, for 
the water in the well sustains the pressure of tho atmosphere on its surface, all except 
that portion of the surface wb^h the feeding-pipe covers; and from this portion, as 
just explained, the air has been withdrawn. The barrel is thus filled with the u'utcr 
forced up by the pressure of tho atmosphere on the exposed surface of that in the well; 
but no water escapes through the spout S, since all that has been raised is below tho 
dosed valve C, but it is retained auspended in the barrel, though the valve V still 






remains open, the upper surface of the water, immediately below tiie piston, being, of 
course, not more than 32 or 33 feet above the siu-foce of the water in the well (p. 206). 

Upon now lowering the piston, the valve-C opens by the resistance of the water 
confined in the barrel, for the downward pressure communicated to the confined water, 
and exercised through the lever P, closes the valve V, and prevents the water from 
being, by this extra pressure, forced back again into the well. Hence, upon again 
raising the piston, the upu-ard resistance of the water above it closes the valve C, and 
I tltc fluid is forced out of the spout S, while another vacuum is forming below the 
I iiistcn, ond fresh water rising in the barrel; and thus every time the piston is raised 
! tbe lower valve opens and the upper one closes, while, on the contrarj’, every time the 
piston descends the lower valve closes and the upper one opens, and in a wcU-made 
. pump the barrel is kept constantly full. 

I It will of course be understood, in all that is said aboTO, that the pressure of the 
> atmosphere on the surfaei^ of the water in the v'ell, or reservoir, need not boMflciently 
; great to cause the water in the pump to ascend as high as the Spout, when, by 
the action of the handle, the air is withdrawn from the tube: if the length of the 
suctitiii'pipe be 28 or 29 feet, or rather, if the valve at the top of it be at this height 
above the water in the well, the exbaustum of the air will be followed by the ascent of 
the water, through the suttion-pipe, to some distance up the barrel of the pump. The 
subsequent raising of the water, thus introduced into the barrel, to the qpouty is the sole 
icMilt of the moehanicnl force applied to tlio pump-handle. 

I Quantity of Water Discharged, and Fores Appliodto Dalso it.— ^Tho 
quantity of water discharged at each stroke of the handle, supposing the barrel to be 
ciiii.stuntly full, that is, supposing the spout not too high, is a column of water whose 
hose is the horizontal section of the piston, and altitude the height to which tbe piaton 
is raised, <'ull('d the length of the stroke: thus, if r be the radius of the section in feet, 
uiiil I the length of the stroke in feet, wc shall have 

Quantity discharged = 3'14l6r-f cubic feet; 
or, since a lubic foot of water weighs 1000 ounces, or about 62| pounds avoirdupois, 
j and since au imperial gallon contains 10 lb. of water, wc have 
j Qii.intily discharged zz 8*1416r*/ X 6‘25 gallons. 

{ But the force necessary to raise this quantity, will be that required to raise the 
j entiro column of water extending from the sarfaee of the reservoir to the surface of the 
water in the jmnip, the ba.se of the column being tbe section of the piston. For let a 
be the number of linear feet of water above the piston, and 4 the number of feet below 
it, ti) the surface of the reservoir; let also p be the length of the column of water equal 
to the utmosphcric pressure ; then since, in raising the piston, the downward pressure 
of the atmosphere lias to bo overcome, the height of the equivalent column of water 
1 ifted is a -f. p; but the upward pressure against this, is equal to the weight of a column 
of water of height jp — b ; hence 

(o -\rp) — (p — 4) = a 4- 4 

Consequently, the force necessary to lift the piston is that necessary to lift a column of 
water having the same section os the piston, and the height (a-4- of thp water in the 
pump, from the surface of that in the reservoir; and, ift fact, additional force must be 
applied to pump out the water, on account of friction, and the weight of the piaton and 
rod. 

In the returning stroke of the pump-handle, the piston descends by its own weight, 
which is sufficient to overcome the friction, and tbe slight resistance of tbe water. 
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Pump ULd Fin Bagla*.—As the prvasuro of the atmosphere varies, 
puape are not constructed to raise water to a height above 2S or 29 feet; but tho 
water thus raised may, by an additional contrivance, bo forced upwards as much higher 
thaa this as we please. A pump fur this purpose is called a farting pump. In this 
pump there is no valve C in tho sucker or piston; so that, after the exhaustion of the 
pump-harrel of air, and tho consequent filling of it with water, no downward pressure 
on the piston could cause its descent, since the water is incompressible. A pipt', there¬ 
fore, is inserted in the side of tho barrel near tlic bottom, with a valve at the insertion ' 
opening outwards; tho downward pressure on the solid piston forces open this valve, ' 

and drives Uie water into the tube, . 
which may he carried upwards to any 
height, and he niiidc to deliver the water ! 
there, provided only suffieieiit down¬ 
ward pressure act on the piston. ' 

The fire-engine is essentially tho 
combination of two fon'ing-pum]>«, the 
pistons of whieh are worked hy n lover 
whose fhlcruiii is ut its middle, and tho 
power is appliid at eneh end ultemnt« ly; 
the water from the fire-plug is fnir-ed ^ 
into tho central receptacle, called the ' 
air-vt‘ssel, the air in w-hich is thus eon- 
densed thi- nu*re, the more water is forci'd 
in; the elastic force of this fiimpressed 
sur drives the w’atcr up the leathern | 
hoae, from which it issues through the | 
delivery-pipe with a velwity propor¬ 
tionate to the pressure applied, or the condensation produced in the confined air. If 
the pistons be worked with" sufficient energy to supply the air-vessid with wati-r as 
rapidly oa it is thus delivered, the stream will be invariable; if more water he forced 
into the vcasel than can escape out of tho delivery-pipe, the air-vessel will he in danger 
of bunting by the increased pressure of the condensed air. 

The intention of tho air-vessel will be readily perceived by tho student: the force 
applied to the two ends of the lever, which works tho double pump, is necessarily an 
intermi tting force; and without some contrivance to render the effect continuous, tho 
waMter would issue from the delivery-pipe in jerks, by tho si^paratc impulsions given to it; 
hut the continuous pressure of the condensed air in the air-vessel causes a continuous 
flow of water along the hose, up to the point of issue. If the supply of water to the 
air-vessel vary, the velocity of the issuing stream will, of course, vary likewise ; but 
there will be, nevertheless, no interruption in the continiiousness of the discharge. 

In fact, the air-vessel performs an oificc a good deal like that performed by the fly¬ 
wheel in ordinary machinery: it gives continuity to intermittent action, tends to 
equalize the cflTccts of it, and jnvrents that strain on the structure which irregularities 
of action arc apt to produce. • 

The metal pipe, from which the stream of water issues,, is considerably smaller in 
bore than the leathern hose along which the fluid flows to it. A double purpose is 
aeeomplished hy this disparity. In the first place, the friction in tho hose is 
diminislied, as a comparatively smaller portion of water comes in contact with the 
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interior surface; and in the next place, the contraction of the stream, at the onth-t, 
gives to it a proportional increase of velocity, ao that the water is driven out of the 
narrow pipe with much greater force (page 195). It may bo observed here, that 
tlie common syringe, or boys’ squirt, is a miniature forcing-pump, or embryo iiro- 
cnginc; the great contraetion of the tube near the outlet is the cause of the vdoiity 
with which the water issues, being so much greater than that with which the pist<«n 
moves. In the syringe tlieru is certainly no air-vessel, as in the fire-engine, but the 
pressure on the water is continuous, so long as the tube contains any. 

The IMwing Bell. —The diver’s bell is a heavy iron chest open at the bottom ; 
it is called a bell, because in its original construction a bell-form figure was given to it. 
The interior is furnished with seats, sufBcicntly high above the mouth to enable the 
persons sitting on them to keep their heads free from tlic water, which rises in the bell, 
in virtue of the upward pressure, as it descends into the sea, and to breathe the nir 
which is thus forced up and condensed aliove the rising water. By means of a flcxil-le 
tube, communicating witli the upper atmosphere through the top of the bcU, fresh air 
can be pumped in, and the air unfit for respiration let out. 

It is easy to find the space into which the nir, 
Jja-a-’-jJi-EC originally in the bell, will be compressed when the 
-■ chest is sunk to any depth below the surface. 

lift A 6 be the distance between the 8urface«of the 
water above and the surface of the water in the h 11. 

1> be the height of a column of the water, the 

pressure of which is equal to that of the atmosphere: 
^bt-’U the original air in the bell sustained a pressure 
la'jt' i iii. ij equal to tliat of a column of water of the same hori- 

fi 1’“. xontal section and height h \ but when condensed by 

being forced up to B, it sustains a pressure equal to 
v-_- the same column h, and the additional column of water 

~ that is above B ; that is, the pressure now sustained is 

equal to that of a column of water of height h AB. 

, vol. of condensed air DB h , 

viil. of original air DC A -4“ AB 

Putting, therefore, x for DB, the depth of the compressed air between the roof of 
the bell Biid the surface of the water within it, we have 

iib = ir+TO .•.^ + (*+ad)x=*dc. 

Hence, by solving this quadratic equation, which has hut one positive root, the 
denth DB of the compressed air may readily be ascertained when the height DC of the 
hell, and the depth AD, to which its upper surface is sunk, are given. 

Ooadenacx.—The condenser consists of a strong vessel AB, called the receiver, 
into which atmospheric air is forced and condensed by means of the following appa¬ 
ratus :— 

A cylindrical barrel, opening into the receiver and having a valve opening down¬ 
wards at C, is furnished with a piston D, having' a vaive also opening downwards. As 
the piston descends, tlie valve D closes by the resistance of the air in C D, and tlie 
pressure opens the valve C, the compressed air passing into the receiver A B. 

This piston having thus forced all the air originally in the barrel into the receiver, 
is raised up; and the superior pressure of tlie condensed air in A B immediately closes 
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the Tftlvtt 1c, vKile the clovrniranl preaauru of the cxtcruftl atiuosphcre opens the valve B; 


so that the barrel becomes again filled with common air, and 
the operation is repeated. 

In some condensers the piston I) is made solid, and a small 
orifice is made at O near the top of the Itarrcl, thn>ugh which, 
u|K>n raising the piston above it, the barrel is supplied with 
fresh air from without. 

The density of the compressed air in the receiver, after n 
descents of the piston, may be ascertained thus:— 

Let R and U be the respective capacities of the receiver 
and the barrel, and let I) be tiic density of the atmospheric 
air: then, R being t)ic volume of this air in the receiver at 
first, and R -f- B the volume of it in the receiver after the 
i:rst descent of the piston, the entire ma.*is of air then in A R 
u ill be D . R I) . R; as the additional mass B . R is forced 
i:i nt tile second descent, A R will then contain the mass D . R 
4- 2D . R; and a fresh mass 1>. R being thus forced in at 



every descent, wc have for the whole tiuaatity of air, aAer n descents, 

Quantity of air D (R 4" ” II) its density “ D (I 4" “ 


which increases in arithmetical progression. 

Thn Wine Tastes.—Wc may here n<itico. as among the minor contrivances by 
which the pressure of tlic air h:u becu made available for prarlical purposes, tbe coii- 
venient little instrument colled tbe wine-tnster, which is uiuch used in wine 
and ale cellars to dniw out through the bung-hole of a cask, a s{)ecimen of 
Ita contents. The marginal rcpri4cntation will give a sutliciently clear i-lea 
of the form of this contrivance, which is hollow, and has a small perforation 
at each end. When dipped into any liquid, the upper orific(‘ being kciit open 
to the atmosphere, the fluid ri-ses through the h)\v«T orifice, till the level is 
the same inside and outside; the thumb is th(‘n pressed on the upper orifice, 
and the vessel withdrawn. The air previously within—the eonimun atmos¬ 
pheric air, reaching from the surface of tlic liquid to tlie upper hole—expands 
and fills the enlarged space which the descent of the liquid leaves us the 
vessel is raised. Tbe pressure within is thus diminished, while the external 
pressure upwards, on the lower urifiee, is that of the unrarefied atmihsphei e; 
so that a portion of the liquid reiiiuius suspended in the tube, under which if a 
glass be held, and the thumb renioved, the sample will run out by its own weight. 

nw Aijr-Tnmp.—Thu office of the air-pump is the opjiposito of tliat of 
the condenser, the purposu of it being to exhau-st a receiver of tho air 
contained in it. There are several forms of this machine ; that best known 
is repreaented in thu following page (Pig. 1), and is callud Ilawksbee's air-pump. The 
receiver, uontainiug tbe air to bo withdrawri, communicates by menus of a pipe with two 
bamls, generally of polished brass, in which two closely-fitting pistons move by rack- 
work, as in the sectional outline akhibited in the following page (Fig. 2), where it wiU 
bo observed that the deseent of one piston compels the ascent of thu other. Tho four 
valves, marked a, 6, e,/, all open upwards. As one of the pistons descends its valve opens, 
and the air in the barrel passes through, and rests above the piston when it has arrived 
at the bottom. Buring this operation the other piston ascends, with its valve closed, 
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emptying the barrel in wliicli it ia fitted of its air, the vacuum being supplied from the 
air iii the receiver with which the barrel is in communication. The first piston is now 

raised and tV« barrel emptied in like manner, 
fresh air rushing in from the air in the receiver 
communicating with it. And these alternate 
ascents and descents of the 
pistons render the air in the 
receiver so rarefied that at 
length its pressure is inade¬ 
quate to open the valves and 
pass into the barrels. It is 
plain that each turn of the 
toothed wheel, driving ono 
piston to the bottom of the 
barrel and raising tbo other 
to the top, withdraws one 
barrel full of air; so that the 
air in the receiver, previously 
to this turn of the wheel, now 
occupies both the receiver and 
one of the barrels. 

Let It be the capacity of 
the receiver and B that of 




Fiff. 1. 


Fig. 2. 


each barrel; and the density of the atmospheric air being D, let D|, Dg, D,, &c., be 
the densities of the air in the receiver after 1, 2, .1, &c., strokes or turns of the wheel: 
then since at every turn the volume of air B is dilated into B B, we have 

D.(B-|-B) = D.B 
Dg(B + B) = D,.B 

D,(Il+B) = D,.B .•.D, = D(,® )' 


+ 


B 


And generally D„ = D ]j )"» density after » turns. Ilcnco the density ^ 

decreases in geometrical progression. As the mass, or quantity of air, is equal to its | 
vulumo multiplied by its density (page ISO), therefore after n strokes the quantity of air | 


in tuc receiver ia 


D* ® ij)" K — D 


The quantity of air in the receiver decreases, therefore, in geometrical progression; 
hut ns a decreasing geometrical progression may be continued indefinitely, it fidlows 
that the quantity can never be actually exhausted in anf number of Mrokes of the air- 
pump. • . 

As the pressure of the atmosphere on the receiver becomes very great after the 
pump has long worked, it is necessary that it possess considerable strengtii; and the 
bell-form, as exhibited in the first figure, is given to it to seouro this condition, the 
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glan oi which it is formed being slao rery thick. The valves are usually of strong oil- 
silk, in little brass ftmmes, traversed by a grating. 

Pbobum.—^T o find tho number of strokes necessary to reduce the air in the receiver 
to a givoi density. 

Let d be the given density: then D being the original density, 

log d = log D -4* N {log R — log (R <4* ^) } 

_ log rf — log D 

•■•"“logR-logCR+H) 

And if, ss is usual, the original density, or that of tho atmosphere in its ordinary state, 
be represented by 1, we shaU have 

_ log 
** log~R — log (R 4- B) 

The density <2 is here, of course, a prupt'r fraction, and therefore log d is negrative, 
but the d enomin ator being evidently negative also, the expression is positive; and hen*, 
as inferred above, if d = 0, that is, if the receiver be absolutely exhausted of air, log d, 
and therefore «, is infinite. 

Although taro barrels are connected with the receiver in Ilawksbce's air-pump, but 
only one barrel is exhausted at each stroke; yet the working of tlie two pistons simul¬ 
taneously, at each turn of the wheel, considerably diminishes tiie labour of the 
operation; for the atmospheric pressures on the upper surfac;cs of the two pistons being 
the same, the force required to work tho pump is only that necessary to overcome tho 
difference of the pressures on tho under surfaces of the pistons, and the friction of the 
pistons themselves. If only one barrel were employed, the ascent of its piston would 
1 h! opposed by the difference, constantly augmenting, between the jiressurcs on its 
upper and under surfaces, in addition to the friction. If, however, the ascending single 
jiiston could be relieved from the pressure of the atmosphere, a single exhausting barrel 
would answer every purpose, and the machine a'ould be simplified. 

BflMatoa'n Ai* Vwmy.—Such a simplification is given to the pump constructed 
by Smeaton, and called after his name. A B is the barrel or cylinder 
coiumunicating with the receiver by means of the pipe B C. In this 
construction the barrel is closed at top, but furnished with a valve A 
opening upwards; the piston also has a valve D opening upwards, 
and a tliird valve B, likewise opening upwards, covers the pipe B C. 

As tho piston ascends from the bottom of tho barrel, forcing up 
the air above it, and leaving a vacuum b<*lnw, D is the only valve 
that closes; the atmo^heric air originally in the barrel is forced out 
at A, and the exhausted cylinder is instantly supplied with air from 
the receiver through the pipe B C. Upon the descent of the piston, 
the valve A cloees, the pnasure firom without exceeding that from 
' within the cylinder, so that ia ita next, and in every succeeding ascent, 
the piaton is relieved finom the pecssure of the atmosphere upon it. 

li, as before, R, B represent the capacities of the receiver and 
bamd laspeetively, D the density of the atmospheric air, and D. tho 
denmty of the air in the receiver after « strokes of the piston, we 
shall have, as in the (nrmer case, 
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D.= D dcxiBity after n ftrokei. 

In this pump the ezlunution may be carried on to a mudi greater extent then in 
the common pump before described, beoauao tbe Talre D, being relieved from llie 
(loernerard pressure of tbe atmosphere, trill open for a very slight pressnre v^traxds, 
and consequently trill allow of the passage of air in a more rarefied slate. 

But os the foregoing expression for D„ is the same as that famished by HatHEsbes*s 
I machine, and consequently the expression for n, the number of strokes producing a 
I ^ivun degree of exhaustion, must be the same in both constructions, provided only that 
. the barrels are all equal, it may seem that there is no difference in the exhaustive 
]H>wcrs of the two. It must be remembered, however, that in the fonner investigation 
the valves are supposed to open at even the nth stroke, however high a number m may 
l>i'; but as in the former construction the valve of the descending piston sustains the 
prritsurii of t!ic atmosphere, which in the present contrivance is removed, a greater 
cbsticitr in the air below tlte valve is necessary to open it; oo that, in Smeaton’a 
pump, n greater degree of rarefaction will be ultimately attained. 

Tnte'a AUx Fwnap.—^This pump is of very recent contrivance, and as yet hut 
' little kTiown ; it was first described by the inventor in the ** Philosophical Magaxine’* 

; for Ain il, 1856. Its chief peculiarity is, that while it baa, like Smeaton'a pump, only a 
single cylinder or barrel, it bos a double piston. This double piston 
performs the work of the two pistons in the ordinary double-bsmlled 
air-pump, and that with only half the motion. 

Ill the annexed diagram, C D is the cylinder or barrel; A. and B 
arc solid pistons, rigidly connected by a rod K, and moved by the 
piston-rod X II, passing through a stuffing-box S. V and e are valves 
opening outwards; and R an o^icn pipe, at the middle of the cylinder 
leading to the receiver from which the air is to be exhausted. 

The distance between the extreme faces of the pistons is about 
^Ihs of an inch less than one-half the length of the cylinder; this 
Sths of an inch being the sp.ice requisite for clearing the exhausting- 
pipe K. The pistons are eac'h about inch in thickness, and the 
I r(»l K connecting them may be of any section consistent with 

I Ktnngth. The effective length of the stroke is equal to the space between one aide of 
the ])ipc R and tlie corresponding end-face of the cylinder, or it is very nearly equal to 
one-hulf the length of the cylinder. 

In an upward stroke, the air above the piston A is propelled through tbe valve TT 
into the atmosphere, while a vacuum is being formed beneath the piston B. When 
tlu piston A strikes against the top of the cylinder, the air from the receiver rushes 
through the pipe R, and diffuses itself through the lower half of the oylindm. In a 
downward stroke, the air beneath the piston B is propelled through the valve e into the 
atmosphere, while a vacuum ia being formed above the piston A, and so on. It will 
be observed that the double piston performs a double duty at every single stroke; for 
while a vacuum ia being formed in one half of the cylinder by one piston, the other 
piston is propelling the air from the opposito half into the at m ot^ b rnre. 

In the paper referred to, tbe inventor enters into an investigation of the exhausting 
power of this air-pump, and gives the results of some experibionts which our limits 
preclude us from transcribing; and in a second paper in the “ IliUosophical Magasine" 
for May, 1856, he has offered some modifications of the above design, more, however, 
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tot tile Mike of Torictjr fh*** for tho purpooo of supeneding tho origmal conception, j 
We tdte the liberty of euggesfingy however, that we think it would bo a slight im- i 
iMVMiMiit If the ezhausting-pipo were foniiahed with a valve, opening into tho 
4g(itaritariit B, time at present a portion of the air between the pistons flows into tho 
U Mlii f 'it every altenate stroke: this valve would bo virtually equivalent to making 
flhe mierval betwemi A and B. solid. Those interested in this OMsr aMr*pamp may see it 
•t MHm. Hurray and Heath's^ philosoph ic al instrument m aka r s, Piooadilly. 

AH air-pumps wre flimitiied with a baro m eteeigauge, a vertical glass tube not less 
than SI inc^ long, the lower rad being immersed’ in a cistcen of mercury, and the 
I vpper, by means of a horiaontal tube, in communication with tho receiver. If A be the 
hd^it cf the barometer, measuring tho pressure before the pump is worked, the density | 
of ^sdr in 4ereceiver then being D, and if A* be tlio height of the gauge afterwards, 
vdhn ^ density is are shall have 

D.= D—j,— I 

r' A ! 

for A r eps esan ts tho [irossuro equally ef the ercternal atmosphere and of the air in the 
(seeivir at first, and A — A' represents the pressure of the latter after n strokes, and tlir 
dsosiiiaa are as the pressures. From what is proved at page 220, it fuUows that at every j 
stroke of the pomp, A — A', the defect in tiio height of the mercury in tho gauge, from 
the otHidaid height A of the barometer, most decrease in geometrical progrcssioii. 
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fntxodnctoxy Semaxks.—Praetifal Mcclianioa may be defined to be the art of 
applyinp: the theon'tic.il principles of mechanical pliilosopby to materials, so that they 
art' lushioticd, arranged, und combined in the various forms required by man. It is 
diilif lilt in any case to draw an exact line of separation between the theoretical and the 
pra^ tieul: for all true theory is founded on practice, and all skilful practice is the appli- 
catitfii tnie ihttnr)'. In the cose of Mct-'hanics, the separating line between the theory 
and the practice is t'minontly lUflicult to he traced ; for the development of principles 
dcpenils at every step uptm practical experiment, and the improvements in mechanical 
arts are generally the results of extended research into Iho principles. It is true, 
ind( ed, that a grciit range of m<'chanical theory can bo investigated by abstract 
reasoning upon a few simple principles, just os mathematical science is built upon a few 
definitions and truths; but it is remarkable that little progress was ever made in 
tncchanieal science until men began to tronslato the actual results of experiment. In 
Mathematics, which is certainly the science of all others requiring the least amount of 
experimental proof^ the ancients made considerable progress, because the minds of men 
in former times were quite as well fitted for the investigption of ahstraot truths as those 
of modem mathematicians; hut in the sciences which demand experimental proof— 
such as Chemistry, Optics, Astronomy, and Mechanics—littte progress was ever made 
until philosophers began to observe facts, and thence reasoned ^to ,thcir causes. For 
many ages of the world's history, it was the custom of men pretending to science to 
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Mxit iii their own minds somo hypothesis or conjeetun* about some law of natnie; to 
I build upon this slippeay foundation a vast schomo of nature; and then to wonder that 
I natunl phenomena did not suit thdr arrangement. In some such way as this the 
i aitrontHnera of old, a-ith a few illustrious exceptions, twik it for granted that an 
enormous, in their notions a boundlessi maaS) such as the earth, could not move; and 
theteforc that the sun, moon, planets, and stars, revufarod in daily cycle round it. 

AxckltoctBM of AaUqmlty.—In respect uf mcchaniaal scienoe, the aaeients 
ap|>ear to have been very deficient. They had, indeed, toleralifytruo notions leqmeting 
the construction of buildings in smdi a manner ii to ensure permanenoo and etiAdUty; 
but fur these qualities they seem to have depended almoet entirely on rude strength and 
niassiTcness, instead of sUlful arrangemonL Among the gigantic remains of J^yptiun 
architecture, there is not found a single arch; the only approach to it is the vault of a 
I pnsseff hio&>wed fte am arch, bat made of two or three immense blocks of stone rut to 
t the vaulted fem. Agnin) among the mins of Ccntial America, remarkable for tlu ir 
enormous extent mtd elaborate decoration, the passages of such buildings as it'niain 
i tolerably entire are found to be covered by blocks of stone, arranged as in Fig. 1. The 



: Fig. 1. 

t 


beautiful and stable arrangtiuent of raat<‘ri:i].t 
in the fwm of an arch dries not Bi<em to h.ivc 
occurred to tin* artbitiMits of antiquity, until the 
comparatively recent era of the liuman Kiiipin<. 
It is difficult to nsci'rtaiu wh<*th»*r the ancients 
were acquainted with any of the forms of rovfs 
nr>w in use, on account of the peri.*ihabie nittiin- 
of the materials; but it is probable that they 
kn<"W no such metb<id of c/jvering large spat, 
and for covering aparttn<>nt.*i of more liiiiiteil 
extent, they had no r(>soun‘c but the usi- of 
large massi's uf atone. 


KneUanxy of AAtltiriitj.~ln rcsjicct of inachiucr}', the ancients appear to 
have been extremcl}* deficient, for wc have recunls of no ajiparatus except et'rtain ini- 


J plements of war and of the cliasc, and a few nide eontrivnnees for irrigating and <‘ul- 
I tivating the ground. But, indet'd, even in modem times, th'* mechanical arts had marie 
I little advance until the genius of Watt had given to man a ixiwi'r applicahle alike to 


manipulation of the most delicate character, and to labour demanding the most gigantic 
strength. Could a man who lived in England but a hundred }’eani ago now revisit liis 
' countr}', he would in mechanical art find a change for greater, an advance more 
astoni^ng, than the whole progress made from the creation of the world up to tlie 
time at which ho lived. 

MoAam Kacliiauxy* —^That a man seeing all tiic wonders of modem art, as they 
j hare lately been seen at the great Exhibitions, should cndiutvour to attain a knowledge 
! of their nature and construetion, may at first sight appear presumptuous, because of tlie 
I vast extent and variety of the objects which he would have to master; and, indcc<!, 

I unless one were prepor^ to devote his lifetime to mcehonicul art, he could scarcely hope 
M> know accurat^y the details of modem machinery, much less to attain the skill of a 
master in all its varied departifients. But, with a fair knowledge of some simple first 
principles, and an introductory glance at a icw of the lending details that are common 
to all mechanical arrangements, wc believe it would not be difficult to aitam a good 
general knowledgd of baechonlcal vX, and a readiness at cumprchcudicg any mechanical 
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iin*an|;cmont8 that may bo brought under hia notice. Few will be inclined to dilute i 

the advantages of possessing even such a moderate knowledge of Mechanics os this [ 
iroplies, for in modern times but little advance con be made in any useful pursuit with¬ 
out the aid of mechanical knowledge. Practical Meehaniea may indeed bo called the 
j handmaid of tho other arts. The sculptor, the architect, the musician, the chemist, the ' 
I astronomer, the surgeon, the merchant, the manufacturer, the builder, the military man, j 
the civilian, the traveller, and the cmignuit, all require her scrriocs—all reap the benefit 
> of her labours. 

I Machnnlcstl ZnwMtton*—It is generally supposed that inventoia ha the arts, as 
well us discoverers in tho sciences, owe their 8ucees.s to some fortunate accident. 'l!S'’e 
' think it may, in most coses, be shown that such is not the fact. Almost every famous 
dis('overy, or useful invention, has bi>cn tho result of long, often painful and labori- 
OU.S, thought and rcscan'h; and success ha.s often followed repeated failures, accuracy has 
sui-( eede<h repcatt*d faults. That thiTe is a natural genius for invention peculiar to 
some minds, cannot be doubted; but that gcniu.s alone, without labour and study, has 
ever led to brilliant results, may as firmly Im denied. Mei lianies, as an art, in a pecu- 
' liar manner demands concentrated thought; there should be no waiting for some inspi- 
ratioii to bridge over a mechanical difficulty. Tyt a man gird himself to his task, and 
detennint* thoroughly to think out the subject he may have ou hand, and we venture 
to predict that be will find few difficulties insurmountable. 

Connection of Meohanioo and Cltomiatxy.—The two sciences that deal 
with niatUT in its various afTeetions and modifications arc Ch<‘mieal and Mechanical 
I Pliilosuphy. The former treats of tho influences affecting its miuute particles, and the 
eumbinatiuns of these particles; tho latter has reference to masses of matter, and the 
, fuives and motions of iuu.sses or aggn'gations of particles. These two sciences frequently 
, encroai-h upon the other’s domain, for there are many similar phenomena developed by 
the action of natural laws on masses as well as on particles, and it is often difficult to 
draw a line of separation between the subjects of the two sciences. Questions relating 
' to heat, light, electricit}', and magnetism, form pqrt of both sciences alike, and can 
■ M-areely be said to belong to the one more than to the other. There are questions, how- 
'■ i > er, M hieh are pim-ly chemical, and others ns dlstuictly mechanical. 

< 'I'he practical mechanic, examining a strueture or a machine, sec's, feels, and 
'measures the parts of which it consists, traces tlic laws tliat govern its equilibrium or its 
, movements, and determines the principles which have been adopted in its construction. 

Statical and Dyaaanical Uechaniea.—Theobjects of PracticalMcchauiusmay 
' be diridcHl into Statical and Dj'muuical. Statical meehanics lias reference to the fonuation 
i and arrangement of materials intended to remain in a state of rest; its principal objects arc 
i permanence and stability. It bos to consider the strength, elasticity, flexure, weight, and 
I durability of the materials with which it deals. It has to employ the proper substances 
{ for its purposes, put them in their right plaee.s, make them of suitable fonns, and unite 
j them firmly together, or so arrange them that the tendency to change their relative 
position when ufiTected by external forces shall be the lca.st possible. The civil and 
the naval ori'hitcct or the builder, whose business it is to moke large fabrics by 
putting together numerous small pieces, is indebted for the durability and strength 
of his structure to the application of statical mechanics. So also the miner or 
j tho civil oud military engineer, who has to form extensive excavations, erect embank- 
I raents, bridges, tide works, or fortifications, requims an intimatu knowledge of statical 
I mechanics. i 
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Dynamical mechanics, on the other bond, has reference to the forms and combina- I 
tiona of materials \rith a riew to motion. Its principal objects are the iD'neration, ' 
communication, and application of power and f4*rce, in order to change the forms or ' 
anrangements of materials. Its prodin t-^ are tools, ini{>tetnents, machines, engim's, or ! 
apparatus; it teaches us how to eluHMW the moat suitable materials, pnKluw tho 
! strongest and most .serviceable forms, aminge their respectivo motions !«» ns to Si'ctiro ' 
I regularity and iliminUli n'sistance, with a view to economy of labour and diinibility of ; 
structure. Tho famuT, the briekmukcr and stoueworker, tho carjK’ijti'r and smith, j 
the siiinner and weaver, the >vorkcr in jHittiTy and metals, are all employed in changini; j 
the forms and arraugements of Uie materials submitti*d to them; and they ha\i- all 
to use the app.anitus provided by tin.* tnai'hinist. ami tlie inarhinist practises lln* art of ! 
d^Tiamioal mechanics in devising and executing the imideinent.s suitable fur their :u*.cl 
his own use. 

In statical and dyuamii'al rai chanies, the chief study is economy of matirial, ifibou!-. 
and cost. In any structure, whether fu .otability or mi>vein<*nt, by an unsparing uv of 
materials it may generally Ik- jK><isible to secun* the neces.siiry strengtli. Hut it frcipu nt ly 
happi*ns that the usefulness of a e*»nstrurtb»n would bt* scriou^ly diminished by a ru'b* 
accession of mere strength ; and in .ill c.i«e.«, elegance of eonstnietioii is nmnifesti d by tin* < 
careful and ingenious aiTangcment of inatcri.ils. and not by lh« ir ab.n>luto mass. Ai-eord- 
ingly, wc find that as mech.iniial art adiMnc< *>, liirhtncH-' and neatness of structure take i 
the place of magnitude and weight; and imiirovenu'nts in evi!»ting eon.>itniftituis or 
arrangements an made to depend f()r their merits on th«> saving of niatirial and Itib-mr 
which they effect. Perhaps tho most stable struitures that mankind have ever formed 
are the pyramids ; and as works of vnormom magnitmli*, of great am* and mysterious , 
purpose, they excite admiration and wonder. Hut whi'n on'* Mui'-uleM their fonii .ind 
the arrangi'ment of their parts, their durability is not to Ik* wondired at. A hill of | 
more sand, not blowi upon by .strong winds or wa-hed by heaiy rain.s, wouM retain f.ir ^ 
ever its pyramidal firm, and would be an objeet of in great beauty .iiid utdity as th* ' 
pyramid itsedf. Tlie sovereigns of,Kjj-pt lunl probably at their (.nmmaml an erinniiou^ i 
amount of human ]tower, and knew no lieltiT <ibji < ♦ on whirh to emjdfty it tlian tl.i* 
erci-tioii of some immense pile to gratify their priib* whib- living ami eoutain tlu-ir I 
bodies when dead. We. living thousands of years after tlu’in, d>> not 3«*<; the p.iin and 
labour of their slave-s, and .sniiriidy know how much misery might have heen sjiari il 
mankind had their lalmur been applii'd t..> b»*tt(T use-. In the mere p,iving of the ! 
metropolis we have more material and more labour apjdied to a useful purjwm* than i 
was roquirod for the large's! of the pyramid.s. In our harbours ami doek.s, our canals | 
and railways, we have work.s far more stupc-nd'ms; and in our 8team-ve«scl.s and I 
manufactories we have power at work eseeedimr tin* capahilitioa of the wlude am ient | 
world. But with all this it is the object of the engineer and machinist to study the ■ 
greatest possible economy of material and of labour. 

Knowledge of Strengitli of Blaterials Neceasury.— Whatever be* the ! 
elements which constitute beauty, in works intmdod for ornaniimt, we see beauty in 
things made for use, just in proportion to their fitness for their purpose. Parts out of I 
place, deficiency or redimdance of material, elaboration not called for, and deviation from 
j just proportion, become glaring"defccts in any structure or apparatus formed for useful 
I purposes; and no amount of decoration or finish can reconcile us to a disproportioned or 
; unskilfully designed fabric. It is therefore most important that the practical mochanie 
[ should form an intimate acquaintance with the strength of tho various materials with | 
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whic h ho Ueals; their powers to resist strains in various directions, and tho arrange- 
inents suitable for making use of these qualities to the greatest advantage. In the 
! th(M)retioal fiortion of this subject there is much that is abstract and mathematical, but 
< nothing so diiHcult tliat the fair exercise of judgment may not lead to very sound con- 
, elusions respoctiug it. All the main facts, however, respecting the strength of materials, 
are the result of experiment and observation ; and the true use of theory in a subject like 
this, is to analyze and classify these results. If it is found, for instance, that several 
' beams of timber of known dimensions are ctijiablc of sustaining certain strains applied 
to them in eertain directions, it is not diibeult to form general rules by which the 
i strength of other beams diifering in dimensions, or tliuir strength to n'sist strains in 
' certiiin other directions, may bo computed. The careful mechanical designer cither makes 
> experiments for himself, or accepts the nhbervations of others, and dorises his structures 
in xucli a manner as to t:ike advantage of tlie<e results. I'racticc in design, and frequent 
I obscn*ation of Biic<'e8sful works, do much to form the eye of a designer, so that the 
mere iijipcurnnce of a thing, whetlicr drawn or executed, sritishes his sense of just pro- 
p<n-tioii, «»r the rev(*rsi-. It is indet'd a wonderful, ns it is a nnj.st valuable pniporty of 
the mind, that it can readily rccogni/e and pivfcr the usc'ful and suitable; and as the 
jti-^t a!id tlie true re< oinmend themst'lves to the mental and niorul sen-se, so docs the 
I fitting in di*sign recommend it.s-lf to the eye, Some indiriduiU.s are gift<‘d by nature 
1 witli a keener .m-iiiJo and readier power of diseriminating these qualities, and can tljoro- 
^ fore eritieisi' more truly or dc"«ign more skilfully than others. Hut where there is a 
love for ineehnnieul i>ur>uit.s, or a desiit- to study mechanical works, we believe much 
! of this jvnver may he readily acquired. 

Communicating Powes.—In the dynamical brarich of Mechanics there are 
subjects of gi-cat interest and cxti'nsive application which demand tlie utmost atten¬ 
tion; we nlliide to tlie means of deriving and communicating power. If wo ask our- 
.‘<ilvcs whiit power inean-s, we can scarcely dclinc it by any simple tiTm; we may say 
that it IS the eapahihty of iloing work or producing ehangt;. We start with the idea, 
■which is a true one, that all matUT is inert, incapable of rt'cciving motion, of being brought 
to rest, or of uiiiiergoing any kind of change whaU'Ver of its own accord; some extra¬ 
neous force or jiuwer 1ms to be impressed uimn it, and the quantity of change effected 
IS tho work done. When wo lift a weight from the gromid, the hand exerts a certain 



amount of power, and produces a certain amount of work; an act of mental volition 
communicates through tho nerves, in some way unknown to us, on influence to the 
muscles of our arm, which causos them to contract. The muades are attached at both 
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I ends to the bones, which are rigid lovers jointml together: one end of such •a bone or 
lovor being fixed, as at the elbow-joint, and the mtuclo being contracted; the other end 
! the lever, to which is attached tho hand holding the weight,' caused to move 
I through a (certain space, and thus to lift the weight a certain height (Fig- 2). 

I This is a caso of power employed in producing motion; but, after tho weight is 
i lifted, power must still be cxcrci-sed in retaining it in its porition, fur vrerc the inum-lcs 
I for one inataut relaxed, the hand and weight would drop downwards. If such be thi! i 
) case, we may at first sight imagine that onr notion respecting the inertnt'ss of matter is 
ineoiTi-et, otherwise the hand and weight would of themselves remain where otu* mus¬ 
cular -power had placed them; but, looking a little more closely into tho facts, wo find 
that while the matter with which wo det^ is really inert, there is a constant power 
acting upon it in opposition to our muscular power—the power of gravitating attraction, 
by which all bodies near the earth's surface arc drawn down to it. 

This power has been found, by extended oxptwiment and olisorration, to aet equally 
on all boilies and all parts of every boily; and tho measure of the for(‘e with which it 
acts on any body is its weight. In estimating power, thererurt*, weight is the measure 
of one important clement; and if wo know the weight which any given power ran lift 
from the earth, we have correct data for calculating its amount: in fact, we know tin* 
quantity of matter on which tho power has effecti'd a ch-angw. But then* is another 
element of power quite as important as tho quantity of mutter acted on,—-we mean tli<' 
quantity of change produced upon it. If we find a certain amount of cx<*rt.ion ncee-s- 
' saiy to lift a weight one foot from the ground, wc shall find gn^atiT exertion mvessary 
to lift it two fet*t. The change in b«)th case>« effeetotl by the |M>wer applied is a chaiitfi- 
of position; but the amount of change*—that is, the distance through which the weiglit 
is moved—is in the one case double that in the other. Exfierinsent and nbservution, as 
well as reasoning, prove distinctly that the force rrqmml to lift a given weight is 
<*xactly proportional to the distance through which it is lifteil. AVe thu.s acquire t!ie 
nu'ans of computing another clement of power; and can ronibin*.* tliis element, expre.s- 
sive of the amount of change effected, with tin; former, which expreiwes the quantity of 
matter upon which the change is pnMluccd. 

In comparing numerictdly ono i>ower witli anotlier, wc an* therefore warranteil in 
multiplying the weight lifted by each, by the distance through which it i-s lifted, and 
' comparing the results. Thus, if one man lift 20 lbs. 1 foot high, and another lift 30 lbs. i 

1 high, wo say that the p^iwers exerted by the two men are as 20 to 30, or as i 

2 to 3; or if ono lift 20 lbs. 2 feet high, and the other lift 20 lbs. 3 feet bigh, the i 

powers they exert are as 20 multiplied by 2 (that is, 40), to 20 multiplied Ire 3 (that is, 

GO); or xs 2 to 3. Again, let the one lift 20 lbs. 2 fer4 high, and the other 30 lbs. 3 feet 

, high, their |K>wcrs are os 20 multiplied by 2 (that is, 40), to 30 multiplied by 3 (that is, 

00); or, more simply, as 4 to 9, j 

i But, recurring to our definition of power as being the capability of effecting change, 
we must see that there is yet anotlier element of calculation necessary for estimating 
i di&ient capabilities; as yet wc have reckoned onlytiw amount of w'ork done, and ; 
L have paid no rogsvd to the time required for doing it A few coral insects, labouring 
I successively for centuries, ma^s form an island, which it would require thousands of | 

t workmen to raise in a short period; but yet the power of each workman far excc^eds 

I that of tho insect, and the two can only bo compared hy supposing thorn to bo exerted' 

I during equal times. Now, it is clear that a certain work being done, tho shorter tho 

I pnriod required for doing it, tho greatfn* is the power exerted; and conversely. In com- 
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parittf^ powers numerically, wo must therefore divide the woric done by each by the time 
oerupiod in porforminfi; it, in order to be able to estimate their comparative amounts. 
Suppose one man lifts 20 lbs. 12 feet hi^h in 3 minutes, and another lifts 30 lbs. 10 feet 
I high in 2 minutes, the work done by each is 20 lbs. X 1^ or 240, and 30 lbs. x 
10 feet, or 300, respectively; but 240 divided by 3 minutes are 80, and 300 divided by j 
2 minutes are 160: the powers of the two are therefore in the proportion of these ; 
niimlwrs, 80 to 160; or, more simply, 8 to 15. 
j Standurd of Posw.—Wc have now found means of mcasurii^ all the elements 
of power, and thus determining its amount. For the sake of convenience, wo fix upon 
j some standard power with which we can compare others, just as wo fix on a standard 
. weight, such as a poimd, or a standard length, as a foot; and knowing the value of 
(H‘veral powers as compared with this standard, wo can estimate their ralucs os com¬ 
pared with one another. The standard power usually adopted in practical mechanics 
is a horse-power, which has lieen defintsl to be 33,000 lbs. lifted 1 foot high in 1 minute. 
The number of pounds lifted, 33,000, was determined from the average of niuncrous 
experiments mwle with horses at work. Whether it be an accurate expression of the 
I power of an average* horse or not, is of little consequence, provided it be generally ar- 
j ee)>ted and understood as a standard measure of power. Were there no such standard, 

I fMU-h meckanio might make an estimate of his own: one might compute the work of a 
j verj* strong lu>rst‘, the other of a verj* weak one. Thus, steam-engines or other appara- 
I tns might be siippiuKl of all different strengths and sizes, and yet purporting to be of 
i‘qunl powers; or apparatus of like strengths and dimensions might be stated to be of 
I v('ry different powers. But, this standard unco fixed, it is the duty of a mechanic to 
estimate, by experiment or calculation, the weight which the engine be makes can lift 
! a given height in a given time, or the weight which muring through a given height in { 

I a given time, can work efficiently some apparatus which he may have fabricated; and he ' 

. c:<ii th>'n stat<> the power which his engine fuiTiishos, or which his apparatus requirc'S, j 
i in terms intelligible to all the world. It is clear from what has preceded, that a horse- 
I power dfics not mean prt'ciaely 33,000 lbs. lifted one foot in one minute, but a jiower 
I cquiviilent to that; as, for instance, 330 lbs. lifted 100 feet in one minute, 3,300 lbs. lifted 
one f<M>t in one-ttmth of a minute; or, in fact, any weight on multiplying which by tho 
ilisU0i:e movc'd and dividing the ]>roduct by the time occupied in the motion, the rcstilt 
shiill 1)0 33,000. 

These considerations may lie somewhat simplified by combining the distance and 
time into one term, which wo call velwity or speed. Velocity is directly proportional 
to tho di8tant*c ]Hiascd over, and invcrstdy proportional to the time occupied in the transit. 

A railway train that passes over 60 miles in an hour, baa double the velocity of one that 
trar Is 25 miles an hoitr, because 50 is double 25. Again, a train that travels 25 miles 
in an hour has double the velocity of one that passes over the same distance in two hours. 

To compare the velocities numerically, wo divide tho distances by the times of each. 

In estimating powers, since oiu- standard is given in feet for distance, and mmntcs 
for time, wo divide tho distance in feet by the time in minutes, and thus get the 
velocities. The weight in pounds lifted, multiplied by the volooity fhusrTeckoned, gives 
a product whitdi, being divided by 33,000, shows the nqmber of horaca^-power. Suppose 
an engineer were required to furnish a stcam-engino capable of pumping 165,000' 
gallons of water every bom, to a height of 120 feet, bo would reckon thus:—^An hour 
containa 60 minutes; and 120 divided by 60, gives 2 feet per minute os the velocity with 
which tho required volume of water must be lifted. A gallon of water weighs 10 lbs.; 
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theiofthm, 165,000 gallons weigh 1,650,000 lbs.; this weight moved at the velocity of 
2 feet per minute is equivalent to 1,650,000 x 2, that is 3,300,000 lbs. lilted 1 foot 
in 1 minute. Dividing this by 33,000, the quotient is 100 horao-power as the actnal 
force required to do the work in the time given, lie would, therefore, pniccud to make 
an engine which, alter providing fur all mechanical losses in the uporation, should be 
ciqMblo of producing this effect 

The principal s<mrecs of power are, the muscular forces of men and animals, the j 
I natural motions of air and water, tlie weight and elasticity of materials, and the changes j 
■ effected in IkmUcs by the action of beat and electrical and chemical action. It is the i 
business of the mi^ehuiue to utilize these forces, to regiilate and control them, to change 
or modify their directions, velocities, or intensitii^, so that they may be made Ut do 
ceitain work in the best, most economical, and expeditious manner. In addition, tbon!> 
fore, to his knowledge of the materials on whi«ii, or through which, these foree.H hiiA'c to 
I act, he must have an intimato acquaintance with the nature and laws of tht' forces \ 
themselves, as discovered by experiment, or investigated abstractly. It is a fortunate j 
(ircumstoncc for man, considering the brief pcriiMl allotted for individual research, that | 
the laws of natpre arc of the mo.st simple charaetcr, and that he is gitled with faculties 
I that enable bim to communicate tiic results of his investigations through great distances 
and over lengthcm.'d periods. Every siieccssive discovery in natural scicnci* throws 
additional light over all that has precedtHl, opens up new holds for research, and suggi'sts i 
new modes of practical action. In the arts likewise, on ingenious invention simplifies • 
much that formerly was rudo and cumbrous, foeiUtates opi>nitions fiinnerly diH'nied im¬ 
practicable, and funiishcs the means of pnietisiug new and uuhcnrd-of bmtielie.s fif art. j 
; I^et one but compare the state of meelionk-al art as it was licforo the time of Watt, and as 
I it is now; and the more deeply be investigates the qui'stiun, the more will he In- surprised 
{ at the enormous change effcctud by a few simple but most ingenious modifications of a 
I machine for utilizing the i»owcr developed by subjecting wuUw to the action of heat. 

^ The steam-engino has indeed exerted so vast an infiiu nce on th(‘ arts, that we shall 
j think it necessary to devote considerable space in what folloa’.s to its description in 
detail. We are the more strongly urged to tliis. because we believe that the student 
w'ho con master the details of the construction and a]>plicatioD c>f this apparatus, w'ill bo 
^ prepared to find his way through any branch of I’roctical Mechanics. 0 

j Application of Power. —The mere supply of lorccs for our various purposes 
i would be of little benefit to us unless W'e had ingenuity sufficient to find modes of apply- 
j ing them. All work, as wc hare already liintod, means the effecting of changes of some 
' kind or other; and all changes of matter imply motions cither of masses or of parts. A 
* most interesting and extensive branch of Practical Mechanics consists, therefore, in tho 
j discussion of the various modes of communicating and modifying motion. The two 
' elements of which power consists—viz. tho weight or mass acting, and the velocity 
uith which it acts—arc convertible. Having a certain power to work with, wc can 
give up a certain amount of its weight, aud tlicrcby gain in velocity, or sacrifice velocity 
in order to gain in weiglit. Wo cannot create any addition to the power either in 
weight or in velocity, nor can we annihilate any portion of it. Wc con, doubtless, 
«pply the power with better effee^ to the work, and thereby save a loss; or wo can mis- 
apply a portion of tho power, and thereby render it ineffective for the purpose intended. 

A power applied to put in motion any part of a train of machinery, will be found acting 
at any other port of the same train. 

! If we could make our workmanship absolutely perfect, could have materials abso- 
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j lately rigid and frictionleas, and could remove our maduncry from the influeuce of 
; ull extraneous resistance, vo should find in every part of it an equal development of 
power. Some parts may bo moving more slowly than others, but then they act with 
greater pressun; or weight; some parts may act with less pressure, but thou they are 
mo^'ing with greater velocity: in short, in every part of such a perfect mimhinn we 
should find the pressure multiplied by the velocity—^that is, the power or momentum 
; exactly alike. Even with our comparatively imperfect workmanship, wo are quite safe 
j in estimating according to this rule, without tho necessity for making mimh allowance 
I for external resistance. In the works of a dock, the wheel fixed to the barrel which 
I carries the weight revolves so slowly, tliat its motion is quite imperceptible; and 
■ thi'ough the teeth of this wheel is conveyed tho force which puts the whole clock-train 
j in mot inn, a weight of many pounds. Again, the escapement-wheel, which sustains 
! the motion of the pendulum, revolves w'ith comparative rapidity, but with so little 
aiip.iiciit i>owor, that an opposing pressui'u of a few ounces might completely' stop it; 

I yet, on stopping thus the escajK-ment-wheel, we stop also tho barrel-wheel, and the few 
i ouiu-cs applied ti« the one eifi'ctuoUy oppose tho many pounds acting on the other: in 
I I'uet, the weight wbi<'h nets on the barrel, multiplied by the velocity •irith which it 
, moves, is equal to the weiglit necessary to stop the escapement, multiplied by the 
i velocity with wbi<li it moves. 

• Friction* —Wo have alluded to resistance in machinery, the principal of which is 

’ friction, or the retardation caused by the rubbing together of imporfcctly-smoothcd 
t'Urfaee.s. Tliis is a subject about which little is known, or probably ever can be known. 

I Some of its general laws have been successfully investigated, and a few general prin- 
i iiple.s liave bc(‘n carried into practice; but its effects vary so much with c%'ery change 
^ <>1 inateiial—of siMvd, ]iressure, workmanship, and even temperature and other circiun- 

, .stances—that, after all, experience Is the only real guido in all matters where it is 
‘ to considennl. Kxca'pt in a fiw mechanical arrangements where friction is employed 
. ;us .1 useful rcaistaute, as in the case of the friction-brcok of a locomotive or of a crane, I 
it gviuTnUy the nieihanic's obji>ct to diminish it as much as possible. The over- | 
coming of friction is, in fact, the wasting of so much power; and as all machines arc 
devised with a view to economy in the application of power, it Ikscomcs most important 
{ to reduce the waste to its minimum. In all devices for commimicating and modifying 
motion, the question of friction becomc-s nearly as important as the question of .strength; 
and many oiTangements which arc ingenious, and would be profitable, did friction not 
interfeiv, become comparatively useless, in consequence of its influence. 

If one who had never made mechanics his study were introduced into a large manu¬ 
factory, and had pointed out to him the steam-engines, the cranks, levers, wheels, 

I pinioii.>i. straps, and other contrivaiicos for communicating power throughout the build¬ 
ing, and setting in muliun each machine,—ho would at first be bewildered, and in'* 
elineil to liulicve that the ai't of communicating motion was intricate and complicated; 
but were be really to analyze tho process carefully, and trace exactly tho progress of 
the poMmr or motion fixim tho prime mover to the last machine, he would find the 
whole cnoctcd by the combiimtiuii of a few simple mechanical elements f and wonder 
that thniugU means so simple, results apparently so complicated cotild be attained. 

Students of astronomy cannot help being struck by tho circumstance, that the 
various motious of ploaots, satellites, and comets, and probably also of tho stars and 
ticbulte, of the farthest and greatest, os wdl as of the uoorest and smallest, of the 
heavenly bodies, are all the result of two simple forces, acting in. various directions and 
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i wifli dnhrant inteoritioR. Tho morements of tho tbsI machine of the nnivcne preeent, i 
I to * euperfidal ohserrcr, inextrirahlo confuaioa and inoxplicaUo irregularity; but to a | 
I Bund like that of Nevton all tras aidU, order, and beauty. The very disturbances to 
! which the different parts of the grand nuichino are subjcctM are elements of stability, 
the iiT^pilarities are sources of permanence. In a system of mauhincry dcvisi'd by 
haman ingenuity and executed by human hands, there can, indeed, be no approach to 
Ihmsimplicity, oeder, and harmony; everything must bo imperfect in proportion as 
man is imperfect, vrhen compared with tho Divine Mechanic of tho Universe. 

In every hiunan woric there must bo elements of decay, suums of irregularity, and 
causes of instability; and these can only be reduciHl by diminishing the extent and (^m> 
j plitration of the vrork itself. Simplicity is, therefore, the great aim of the mecli.'tnir, 
j especially in arrangements for communicating motion. Every wheel, ewr)- lever, evciy 
pulley that can be saved, is saved—not so much to avoid the cost of its intitKltietion, as 
srith a view to nmplify the madbinery, and theix'by diminish the amount of wear, aud 
increase the permanence of the whole. To the eye of a pnu'tiscd mechanic, thi'n'forr, 
the beauty of a piece of machinery seems to depend more on its simplicity than on any 
othm* principle The fesrer the parts required in any apparatus to nmder it effertivc. ! 
the more ingenious is its contrivance, and the less is it liable to derangement, irregularity, 

I and decay. I 

j O awe i Biag Fowinr.— Next in order to contrivances for commtmic.*iting power or 

i motion, may be studitvl those for regulating and governing it, so os to secure uniformity 
of action. All the forces w8 employ, with the exception of gravity. a«* subject to ; 

‘ tinual variations of intensity; and even tbc most uniformly regulated forn>s, when tnuic- I 
mitted through trains of machinery necessarily imperfect, are subjectcil to ronsidcrabb' | 
variations. Further, tho fnrcfm we employ are chiefly used for effecting changi>s oti 
‘ materials; and as the qualities and conditions of the materials var^, so tho quantities of | 
force required to do tho work upon them differ. It becumt's, therefore, most imiutitant 
, that arrangements should be desdsed fur compensating all thi^' variations of fbu'c; and | 

I accordingly great ingenuity has been developed in contrivanci's for that purpose. 

amy quote a very lieautifiil specimen of mcc:honic skill applied for a purpost' iif this 
i kind, in order to illustrate the great use of such arrangements. Wind-ptiwcr is iis<>d to ' 
a great extent for patting machinery in motion ; and yet, as wi; all Imow, uotliing i.s i 
I more variable than the fon*c of wind, both in direction and intensity. In fonner times • 
j wind*mills were made so that tbc miller, watching tho direction of the wind, could turn 
j round the Bafls of his mill to face it, and furl or unfurl those sails as he found the bn^exo 
' too strong or too light to give the velocity of movement be might require. But in 
i modern wind-mills the wind itself is made to regulate tlio machinery by simple but in- 
* genious amagementa. In tbc first place, if tlic wind change in dirt^etion, it necessarily | 

I blows upon a small subsidiary set of sails placed so that they con be acted on by n wind | 

that docs not directly blow upon the main arms; by a litUc simple mocbincry, this side- j 
' action of the wind is made to turn round the head of the mill until it brings the great 

' sails iiRo the proper position to receive its direct impulse—just os tho wind actjtig on a 

weathercock hrii]^ the airow-point round to face it, by its pressure on the broad feather J 

I lit the other end. Again, ihonld tho force of tho wind increase, this very increased 
foice is to act upon a regulating apparatus so as to furl tho different divisions of ' 
I the sails, or to tom the tnrfiusea of which they are made up edgeways to its impulse, and 
I tiiereby to diminish the Bnj&ce on which it acts proportionally to its increase of inbm- 
I ally- Hie consequence of these contrivanoet is, that from, whatever quarter tho wind 
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may blow, the saiU of the mill are always directly opposed to it so os to receive its fun 
action; and whatever be its force, whether a gentle gale or a stiff breeze, the power 
communicated to the machinery does not greatly vary. Perhaps the most ingenious 
devict's fur regulating power and velocity are those employed in apparatus for 
the measurement of time—>clock8, watches, and the like, which form one most interesting 
branch of mechanical art. Horology. 

JTataxe of Kaohinoa. —Having obtained the power necessary for onr purposes, 
and having found the means of communicating it to our machines, and of regulating iu 
intensity so as to suit tho work to be done, wc liavc next to inquire into the nature of 
the machines themselves, or the contrivances through which the power is mode to act on 
the inert material subjected to it. 

We can scarcely venture to offer a very distinct classification of machines; nor 
indeed, in a work of limited compass like the prc8«*nt, could wc pretend to discuss in 
I detail all the different classes of machinery now in use. The subject is so extensive and 
{ demands so minute a knowledge of what has been dono by thousands of ingenious 
I mcchnuics, that even the professed machinist cannot pretend to an intimate acquaintance < 
■ with evorj' branch of it. But tlic qualities of mind and tho experimental training which ' 
render a man skilful and adept in one or two of these branches, make it easy for him to | 
take up intelligently any other branch that may be brought under his notice. The same , 
general mecb.'inical principles pervade all kinds of machinery, the modes of applying 
' them being varied according to the nature of the material subjected to their oiierations, 
gr to the kmd of work to be done. With tho exception of certain special apparatus, wo 
belii-vo almost all the machinery' used in modem times may be classed under some of 
the following head.s :— 

I. Maehhwri/ for raising Wtighta and Preastirr .—Among these we may notice 

(’spt'cially the sinipff mechanical powers, tho lever, wheel and axle, pulley, inclined 
]>lane, wedge, and screw'. Next, in order of camplication, may be mentioned such 
niaehines as cranes, erabs, capstans and windlasses, slips, tackle and travellers, jacks, 
screw and lever presses, printing pressi's, and the like. | 

ir. Marhiiifrij fur rjirtiitfi Transit and Coinmuniratim .—This braneh has of late I 
years attained isnmenst* importance by the extended use of railways and steam vessels; , 
and under the head of transit, it w'ill embrace tho consideration of vehicles for land j 
transport, and vessels for water carriage, and the various modes of putting them in j 
motion. For the communication of intelligence, we now practise an art unknown in 
former times, and one deserving of detailed consideration from its marvellous nature and i 
the important inilucm'cs it is likely to exercise upon human civilization. Wc allude to | 
i the electrie-telegraph, to which perhaps greater ingenuity has been devoteii within a I 
few years than has been displayed in any other branch of mechanical art during pre- 
^ ceding ages. 

HI. Machintry for Moriny Fluid$.—^hia branch naturally includes hydraulic 
apparatus, such as pumps, fire-engines, hydraulic presses and lifts; and also machinery j 
for m<^ng air, such as Ixdlows, blowdng-eylindcrs, fanners, and tho like. 

IV. Machinery for cltanging the forma of Solid Materiala.—lloB is perhaps the most I 
' extensive branch of mechanical art, as it includes all •apparatus for cutting, piercing, j 
.moulding, bending, crushing, and such like operations. It may he subdivided, according j 
to the materials on which tho operations are to be effected, as follows:— j 

1. Machinery for preparing animal and vegetable products; as oil, tallow, leather, 
fiotu*, sugar, vegetable oils and extracts, caoutchouc, and gutta-peroha. j 
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2. Machinory for pipparingr mineral products; os stonea, bric^ ccmcntfl, orvs, ‘ 

■ potteiy-ware, glass, pigments, and the like. 

3. Haduncry for sawing, planing, moulding, bt'nding, and carving timlH'r. 

4 . Machinery fi>r working metals; as in the opt'ratiuns of moulding and easting, ' 

; forging, rolling, and a'ire-drawing; licnding, shearing, punching, and rivetting; drilling, 

I tuning, and boring; planing, shaping, and the like. | 

I A'. Machhtfrff ttsed in the mnnufaeture of Textile Ftif/ries .—Tliis is likewise n most 
extensiw and interesting branch of niechiinical art, and one of the highest im|)ortnn«-v 
I to U9 as a nation, ns well ns to the world at large. It includes dinn-tly the ap]>atntud j 
I and piwesse.’j employj'd in pn'paring the crude materi.'ils, surh ns u'ool, flax. cott<m, and ! 

I silk; the various operations of dn'-o-sing, carding, spinning, weaving, dyeing, Mciwdung, | 
j calu'O-printing. and the like. Under tlie same head may aW^lw dist'u.seed the machinery ' 
for making r«>p<‘9 and coniage, and for the manufacture of pap«T. 
i VI. Maehinery for Mearnring and Calmlating .—^Thc nppnratu.<i included in thi.s I 
j rlass arc mostly of that exact character required for philosophical exi>oriment and oli- 
servation, such as indicators, dynamomelon!, gauges, balance.^, and mathematical and 
optical instruments; btit there i.s one extensive and interesting branch, horol.igy, 
devoted to apparatus for the measim‘iiu>nt and division of time, which uill dt -.erve 
) especial consideration, as well fnim it.'S usefulness as from the gn^at ingenuity di-tplayed 
' in it. In this cla.ss we may include some other apparatus, which, though not distinctly ' 
falling within the scope of its title, yet present in some respects considerable similarity 
to some of thost' included; we mean automata and musical instrument.*. • i 

These six classes, we believe, include* the greater part of the ma<-hinery u'sed in 
modem times, with the exception of such as ratluv fall within the rantte* of fither 
treatises tlian of one devoted to practical mi*ehanie.<(,—as. for instt^ee, agricultural im¬ 
plements, and implements of w.v. In what follows we will not pn tend to give il«<tailctl 
descriptions of many of the different tnnthines included in those clafutes, we shall en¬ 
deavour rather to wdoet a few of such a.s are most generally u.*ed, oiul involve in llicir 
construction the principles which are ajiplied, in a nmdifled form, to iithers,—reserving 
the subjects thtmselvf-a for future exposition. 

. AVliile improved education and extended acquaintance with principles have idnced 
those who direct me* lianb-al lalmur in a better position as to knowledge of their art, 
the division of labour and the extensivi* use of mer-hanieal eoritrivanees in the jilace nf 
luanual labour have eertainly lowered the position of the workmen a.s to general know¬ 
ledge of their trade. Foimerly, the millwright knew all about the maehinerj' he maib*, 
and could turn his hand to all the oyicnitions required in its construction; now, there 
are mechanics who ran onh’ turn, othf'rs who can only file, and«mly very few who to Kkill 
of hand unite a knowledge of the machinery of which tliey excciiti* portions. We are 
convinced that this state of things i.s injurious both to M'orknian and to master; for a 
man can never labour with hearty good-will at work which he docs not underslarnl, 
and in whieh he therefore takes no intidligent interest; he can only a(‘t os the machine 
at M'hich he works, and be is thus morally and intellectually degraded. A^VwoiiKl 
r have every workman understand tlic character and tendency of his operations, and take j 
i an interest in them. He wouldlthus be relieved from much of that monotonous drudgery 
' which his ignorance forces him to undergo; he would bo prepared for emergencies; he 
would sec modes of economising labour, and of improving the work on which he might 
I be engaged; and he would be provided with a source of rational amusement in his 
leisure hours. 
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But not to tho mechanical workman alone do we think that a general knowledge of 
practical mechanics should be stipplicd; we think that it should form part of the edu¬ 
cation of creiy one, whatever bo bis position and his prospects. We have scon of late 
deplorable instances of want of contrivance in military affairs, and of sacrifices of blood 
) and treasure in consequence. Wo arc eminently a commercial, manufacturing, agri¬ 
cultural, and colonizing nation; our commerce is conducted by means of railways, 
steam and sailing vessels, and requires warehouses, docks, and quays; our manufactures 
! are all the product of mechanical contrivances; our agriculture is now rising to its 
just position as a mechanical and chemical art; and our colonics have been successful 
from Uic energy displayed by our emigrants in giving scope to their natural genius for 
mechanical adaptation of means to an end. Of late we luivu assumed the position of a 
warlike nation, and we have sadly asked our.sclve.s M-hy there has not been employed in 
war any of that mechanical skill and ingenuity wliitli characterize our peaceful arts. 

: Notwitlistonding all this, practical mechanics have never yet been cultivated as a 

branch of general education; and consequently every man, whatever be the walk of 
life in which he chooses to tread, has to begin his real education after he leaves school. 
Wo think this evil should be remedied,—that every man should have instilled into his 
mind in his early years a thorough knowledge of common things, so that when he 
advances in life he may enter more readily on any of the professions or trades practised | 
at home, and Ik; the In-tter prepared for the emergencies of commerce, colonization, or 
‘ \rnrlike expeditions abroad. Among the population of the land there lies dormant avast i 
amount nC t.’ilent and ingenuity, which at present is so much loss of capital our . 
I oountiy and to the M'orld. Let some opening be made for its cultivation, and we doubt j 
not that a few years would bring about a more astonishing development of our resources, j 
cxtenMji tn of our commerce, and improvement in our arts, than all the marvellous advance | 
of the hist thirty years. While we fully admit the high importance of other branches 
of mental and moral training, we would also strongly urge the advantages of insight j 
I into the moebanieul art.«, because through their extended cultivation we expect to secure a 
' great iiieieaae of our material prosperity and comforts, a great diminution of labour, im- 
, provemeut of health and strength, and much diffusion of intelligence among all classes. 


I MECn.\NlCAL DRAWING. 

j Knowledge of Dntwlng Sssential. —In the actual practice of mechanical 
art, drawings are invaluable; they show the true forms, dimensions, and arrangements 
of machinery to those accustomed to their use with greater clearness than a model, or even | 
the fuU-sLzed work itself. Thu draughtsman devises the arrangement of liis machinery; i 
sketches it on paper; calculates the strength and proportion of the parts; draws them 
out full-sizc-or to some suitable scale; studies their combin&tions on paper; improves this 
part, stiongthcns that part; modifies the forms so as to save complication, material, or | 
cost of workmanship; traces the action of the W'holc; provides safeguards against acci¬ 
dent or H^duo wear and strain; and having at length fully embodied his ideas on his 
plans, sections, or elevations, places them before the workman for execution. The 
! workman has, in general, no need to study any of those details which fitll within the 
province of the draughtsman; he has only to put his rule to the drawing, and measuring 
1 every dimension there indicated, shape the material with which he deals in exact 
I accordance with it Without drawings it would be impossible to make any advance in 
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I werJ M M i c al ait. Tlie paper, pencil, ink, and coIouib, are okoap matcriala i and the tinit! | 
I and labour occupied in maldng a drawing are as nothing compared with the work in | 

j ftahioning the solid material. To scheme on paper is, therefore, most advantageous in j 

ermy peunt of view, os b}' that process onljr can be secured that economy of material * 
I and labour, harmony of action and justness of proportion, which constitute the beauty of ! 
I a mechanical device. To scheme in the solid materials is a most expensive as well as ; 

I unsatisfactor}' process, and one that seldom leads to successful rostdts. 'Wo know of 

\ no circumstance that exm warrant its adoption, except in cases where there is no 

I practical experience to guide the mechanic as to the power required, or tlio mode of 

I ox>enititm suited to the work he has in hand. Even in such cases it is generally {Kissible, 

; by the exercise of a little judgment and ingenuity, to arrange some simple and inexpen¬ 
sive expiTimcut which may give to a practical man a tolerable notion of the kind and J 
I scale of machinery that will be required. j 

A s}'stem of mechanical notation was proposed some years ago by tiie ingenious Mr. 

* Babbage. In devising hia calculating machiucr}', which consisted of a great number of j 
parts, many of them merely repetitions, he found it difficult to imagine all their simul¬ 
taneous movements without an excessive and painful exercise of that mental ]M)wer ; 
xrhich has to deal with such matters. He therefore attempted, and with considerable 
success, to trace by written symbols the flow of motion through a train of maebiner}-. 
We ore not aware that his system of nutation has been adopted by practical men. 
Indeed, most of the complex mochinciy* with which the engineer has to deal is of a kind 
rimilsy in many resiiects to works pnn-iously executed, embodying improvcmi nts that , 
i may have Itcen firom time to time effected in them; hia mind is, therefore, in a manner 
prepared for the conception of the various motions and conuectiuns by his practice in > 
watching those in machines in action, and be has comparatively little difllculty in fully 
imagining the intended action of thework on which be may be engaged. It will, therefore, 
ho our first duty to oflier a few practical suggestions on drawing as applied to machines. 

FlasM gnarfac—.—^Wben we have to draw a triangle, atjuarc, circle, or any other 
supcrficial figure, upon paper, wc find no difficulty in giving a full and accurate deline¬ 
ation of it in respect of form and dimensions. The paper on which we draw is itself u 
plane surface; and so long as we arc not limited in length and breadth, wc can delineate 
any form wlmtcvcr upon it. In the same manner wc can describe any of the flat faces of 
any object presented to us, such os a circle, or pyramid, or prism; and give an oecurati* 
representation of any two of its dimensions, whether wc caU these by the names of 
length and breadth, or height and width. But when wc have to delineate a solid body 
which has three dimensions, length, breadth, and tbiekness, wu must cither cut our 
paper to pieces, shape it so as to correspond w'ith the different faces of the body, and put 
I them together in similar order, so as to form a model of it; or w*e must have recourse to 
some dcricc Uxat shall enable us to comprehend for ourselves, and to communicate to 
others, an accurate notion of the solid body wo propose to delineate on a flat surface. 
When the painter draws a portrait, or executes a landscape, ho has to imagine that 
between his eye and the object whitffi he draws there is intcriioscd a surface or sheet of . 
some kind on which ho secs the object drawn as in his picture. He dolinettes it on 
the canvas, therafenre, exactly as it would appear upon this inteqxiscd screen. In a , 

I camcra-obscura the rays of light proceeding from every point of objects presented to it, 

! ore concentrated or gathered together by a lens into a particular place or focus behind it. , 
i A piece of fiostcd glass placed in this focus offers a surface for ^cso rays to illuminate, 

I with their respective lights, shades, and colours; and on observer looking on the iiosted j 
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glaas, sees a perfect miniature picture of tLo ol^eota. A plate of prepared metal or gl— 
^aced in tlio focus, rcccivva exactly the same picture; and certain aubatances qiread orcr 
its surface, rendered aensidve to chemical propertiea of ta3fa of lig^t irhich the cya 
cannot appreciate, undergo changes in their constitution, which oan be rendered pellna^• 
nently risible. 

Dntwiae Gnbos.—^Pictures are thus produced by hand and by photography, 
which present upon Hat surfaces delincadons of solid bo^ea aa they appear to the eye. 
But ii' we were to apply a compass or a rule to the measurement of the bodies repre¬ 
sented in these pictures, and also measure the ohjeets themselves, we should find the 
angles, dimensions, and proportions of the picture totally difierent firom those of the real 
bodies. Thus a cube, such us a die, which has si.\ equal square faces, marked by dots 
os in Fig. 3, when i-1 r—-1 r~ -. r i -- ■ ■ i I _ - I 


represented on a pic- 
tun.*, might present 
such on appearance 
as in Fig. 4, where 


Fik. 3. 


only three sides ore visible, none of them squares, and no two alike: not a single angle 
' .or dimension equal to those in the die itself. And yet the picture 

may be a iwrfeeUy true delineation of the die as it appears to the eye 
^ *0 of on observer. Now, if a workman were furnished with such a 

• pietiux!, and required to make a die according to it, ho could have no 

conception of its form and dimensions. For instance, he might cut a 
l-'itr. -I. piece of plate to the shape of an irregular six-sided figure, u-ith throe 

lines engraved on it meeting at a point near its middle, and cbrtaiu dots marked at the 
distances indicated on the picture. He would then have made a solid bod}' which 
viewed in one din>ction would certainly present the appearance of the 
picture. Even if the picture were shaded and marked by dotted lineiq 
indicating the invisible edges of the die, as in Fig. d, he could not, with¬ 
out further information as to its meaning, construct a solid body such as 
would answer to it. lie would have to be told that it was a solid having 
six equal flat sides, which, viewed in a certain direction, and at a certain Fig. 5. 
distance from the eye, under light falling upon it at a certain angle, presented the 
nppciiraiiee of the picture. lie would then cither model all conccivablo kinds of six 
equal-sided bodies, and try each in the given aspect, or he u’ould work out geometrically 
sumo other properties of the body, such as might enable him to construct it. If^ on the 
other hand, instead of having such a perspective picture presented to him, he had a 
drawing like Fig. 3 placed before him, and were told to make a piece of ivory of such a 
shape that each of its six sides should he exactly of the form drawn, and either of its 
dimensions, or some given multiple or fraction of these dimensions— 
as for instance, for every inch on the drawing, three inches in the die 
itself,— he would at once coin- 
prebend and* execute the work ^ "N. 

requilt’d of him. f \ I 

T ) ®**’'»**8 Oylia 4 *»*—In I . ) 

\ ^ like manner, if a cylinder or \. J 

P, - roller wore pictured os it appears ^ 

to the eye, with its light and 

shadow os in Fig. 6, the workman might guess at its form, but could ascertain nothing 


Fig. 6. 


Fig. 7. 
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jli^ wsMBiioBB. But vwf 'tnU^^ iwl o ft of whidi tho dnnriiig lii 
'VlMS’^WKBBfttedy ane>qiuvter of its iiMN'(Pig. 7)^ Jib oould at once fonn his material 

tftBft‘'|iro|MBr ftiameter and length, by meBsiiring the drawing, and allowing an jnwb in 
Ul Wf^ fbr eve r y quarter of an in<A on the drawing. 

The olqect of mechanical drawing ia, therefore, not to preaent a delineatioa of any 

object as it appears to the eye, but 

- - —to furniah the exact figures and di- 

I rnenaions of its parts in such an in- 

tcUigiblo manner, that solid materials 
may be fashioned into sbaxies, whose 
parts shall have similar fonna and 
proportion's. The principle on which 
j mechanical drawinfr i:) founded, is 
t» n' ! that t>f ]>rojcf’tiim on jdnne surfaces, 

j which wc slioll now endeavour to 

I explain. 

• ’ ' I Suppose a sheet of paper were 

j cut to the form 'A B 1) E C 11 

I (l''ifH. and folded across 'wlicre 

f marke<l by the tk>tud lines II (i and 

I H F, tbo two parts A fi G 11 and 

_' C n F E being tuimd up so as to 

^ ^ stand at right angles or square to 

II G D F, and t*) one another ns in 
Fig. 9, fonnbqj, as it were, three rides of a square box; then each of these three puilions 
of the paper becomes what is called a ** plime of projection *' for receiving the repre- 
sMitstiow of one of the sides of a solid body placed somewhere within the imaginary box 
of which thdy tairm the rides. Lot us suppose, for instance, that a die were su8i>cndcd 
within the box (Fig. 10), and that from every point in each of the surfaces of the die 
exposed to the ^ree sides of the box, lines were supposed to be drawn perpendicular 
or square to those sides as indicated by the dotted lines;—then tlio lines joining the 
intersections die dotted lines with the upright and horizontal surfaces would enclose 


F 

Rg.S. 






Fig. 9. 


1 %. 10 . 


4gurB8 accoratriy npiesenting in Ibim and dimim rirms the rides of the die presented 
to The paper being then unfidded, would contain a mechanical drawing of the 

ds 9 }i(Fig. 11), exMbiting accuratriy the forma and dimensions of three of its rides, 
fill to get a drawing of the otl^ three rides, the rides of the i m ag in a r y box 










































fti|fc<ill|g of <i» llw> liMWi 

th«etraib»»oaigBiWMfatliadnwriBg$1>>ftiw<iiilfai>itiiiHn W#0<iwW|1hBwgik 
it Bitty appiw on * dtflbfiBii* 9*tt ctf Ibe ytper^ 

V«aiin «i 9lMjMilMiir--Thtt nttnett BtaaHy git«a to tib tbno ilnnriB|iof «b 
obfeet bn bow:—TIitt joo j liioi to n on the hnbootal pkne or bottint of Ibo loc, ii 

ottUedllittjbM; and the pnijoetkoHoii _ 

tlw TortiOttlpIttM or ^prig^ sidott, sre 

called d$mlimu. One of Uio eioratioiis ... "*1 

may bo called tiw aide elavutko, or aide * ^ 

▼iew-; and the obortbe end dovatioa, ^ ^ 

or end Tiew; whJk Iho plan, whm pro* - 

jectHl npwaida or on the top of the box, 
ia aomatimra called the bWa-eyc rierr, 

httYing nearly the facm which an object —--- ■ . .. 

would present to the cyo of • bird ; 

aoaring above it. For dnwing Ilia ox- * 

teriors of all atdid bodies, bounded by _ ^ i _ 

straight lines and flat sarfhcee, these | • | * 

projections are generslfy auAdent. But j ^ | 0 * 

it ia often ncoeaaaiy to make sudi draw- 1 - 1 - y i 

ing as shall ffte a oorreot nothm of the j * 

interior conatruetion of bodiea * . . . . - . . . ' 

Suppose, fbr instance, we wished to 

have a cubical box eonatructed of wood,, having a certain thickness, and fitted with a 
vertical partition of a certain height, and at a certain distance fleam the ends. In 
order to indicato this by a drawing, wo must ahow its fatwrM.1 conatmotion. To 
eflbot thia, we may still ueo the three planes of projection; hut as theae planes arc 
imaginary snr&oes, wo may easily conceive some of them to paastfreetly through the 
aubstaneo of the box: in othmr words, - 

wo must conceive the box to be sawn or 
cut acioRs in any direction, and the fixm 


ng.ii. 



praaanted by the parts so ent prejeded } 

onlhop3anei(Fig.l2}. Th«% if ahori- -Zjr—- 

aAtal and nvaclieal antwMiBwda tti 

indiMted ly'tha dami Bnea^ we shoald have a pbnand s ride eSevatfon ef fits < 


mcchanical Hm.oaorHY.-No. 








-4-+4~ 

O » {* r» 


” _ P EAvrys gmc EunrAxiovs. 

« i w wiig i, Ta® honsoatal projectiaii would be e ■Anh'nn*i j -TT"™** 

<i«*ll«4Mtioii>inMU bo ■ losgitiuliiial or tnumow •««i«?**’l,T^.k"* "v **“ 

- « ood or ride SoT^ta. 

rzrt:?t,r ^ 

I«adr»wiiig,«lioii,of»b<w,ouoh JtaPiTlS^liiob^pl™» of aoctioB. 

paper of jm^oa, eaoogb of the fbna, tbi;,JL poriltaJ^S^r'!!?*“”^ 
b. «pn»rirf to a,,bk a 

Noer,ifth«p.rtofft .iiq »r«m.i,,i,^a e^,j„^^^_^^^^^^_^^^^^ 
Bi i turned round so u to bring tho Ict- 

I I I pssawm it into * more conreniont position 

r-r-f--Ur I - J—P~,i- tinan. •• in Fig. 14, the acru- 

L-j—I ; O- fl “ ^ of drawing woMld in no Ki^^t 

SI » *** altered, pronded alvayi tbat it were 

I* cleuriy understood what devations, plans, 

• • ***" ooctiona, the different parts of tlie 

--- drawing are intended to ropieaent. There 

; “ another mode of considering this ques- 

. rion. Tho rsya of light by which Uit* eye 

m l . is enabled to pcraeivo the forms .if sn 

object, proceed liom every point of the - 

j I R ■ n in straight lines to the eye. »up- 

I I &JBBB3 , P®a*i then, one fiioc of a die were pre- 

j 1 aented directly to the eye, as in Fig. 15, 

--- - ---- *i*® »y» of ndccted light, proceeding < 

.. point in tho surface of tho 

totoita d oooT^ ordrawtogatbartow.nl. tbc mall opening wbiTh 

**** praaonli; ^ oatanng thm, would produeo tbe iiaaga whiob enable, the 
spectator to aee tho object This would be tho 

caae howevsr far oSg or however near, tho eye ■■■“-« — 

were to the die; but the greater the distance, j * oT^r.l ~~V- 

the lev the oonveigenco of the rays, or the -"LTr ' ril-'''' 

more aeed^ are they parsUd to each other, aa 

“•7 be deeriy seen by the diagram Fig. 16, Tig. 15 . 

m enow is "PPO^ to be the object, and the nys of light proceeding from its 
eartraufass oe mdumtied by the dotted lutes to aa pyc at tho various posirions, a, 5 , 

j ^ snd e. While those 

to tho eye atccon- 

-^®**e very rapidly, 

__ -iDfe-thows to 5 still con- 

A -” ^eilRe* but more 

• dowly, and those to 

pjg. ij, « ntoro slowly still. 

«. ^ . But if we could con- 




Kg. 16. 


------ 


«. ^ _ But if we could con- 

to an innlenlably great distance frimt the ol^ect, and suppose 
fhalditBewBteef viaka wees still suffldant to reedve it, the coaveigenee of the rays 
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I would be immeaBurabty alow: or, in other arends, the raya vouM be so nearly parallel 
that wo ooM not apjMeciato any convoifenoe at all. Betaifting, tiien, this conception 
of extreme distance, wo may say without error that the rays are quite paralleL "We 
have in nature actual cases of this 
kind; for the fixed stars arc so Tory 
distant that no difference can be 
traced in the direction of rays of 
light coming from them to the earth 
at different parts of her orbit, al¬ 
though the distance across that orbit 
i.s nearly two hundred millions of 
miles. 

Now, wo hare already described . 
that the different projections of an ob¬ 
ject are formed by supposing parallel 
lines to 1 n 3 drawn from the different 
points of it to certain planes; and if 
we supi>osc these parallel linos were 
rays of light, such as we haTo de¬ 
scribed, proceeding to an immeasur- 
nbly distant eye, we attain a mode 
of imdcrstonding what these projections moan. According to this notion, the plan or 
horizontal projection is the view which an object would present when we look directly 

down on it, or directly 
up to it, from a great 
distance; the side and 
end elevations are the 
direct views of the 
aide and end respect 
lively; and sections 
ore the direct views of 
the object when cut or 
diced across in any di¬ 
rection. Bearing this 
in mind, we'fiuy then 
be prepared to maho 
mechanical dmwfr^ 
of most objects with 
facility. 

Suppose, for ex¬ 
ample, we had to draw 
an object such as 
mathematicianB would 
call a hexagonal prism 
—that is to Bay, a 
solid figure having lix 
equal oblong tides and 

\ two six-sided ends. Supposing it to stand on one of these ends, and that we lodced directly 
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down upon it, we diould aec ito plan, wltich ia a hexagon (A, Fig. 17). Again, looking 
dikeotlj on the an^ fomicd by the two aides a and A, we abould aoo the elevation C, 
showing the two retreating aides a and A; and looking direct on the oido «, we should 
see the elevation B, showing the full front view of a, and views also of tho two retreating 
sides i and d. The dotted lines represent portions of tho supposed parallel rays of light 
proceeding from the angles of the object, ond pndongod to form lines, projections, or 
drawings of the two views, the position of the top and bott4>m linos of these projections 
being dctcrminiKldby the height t>f the pnsm which we suppose to be given. 

Let us now suppose that the same prism is to be made with a circular hole passing 
through its centre from end to end, we may shovr tho same views as before, and iu 
addition to them two sections, os in Fig. 18. 

The lines A A and B B, through which tho sections or cuttings are 8uppc»ed to 1 h' 
made, are marked on the plan, and the sections formed exactly like tho elevation h 
by tracing the different points of the object where the suction lines cut it. as*indicated by 
the dotted lines. We have batched or dniwn diagonal linos across tho solid parts 
which are supposed to have l>eon cut asimder, in order to distinguish them by n sort of 
shading from the open circular port where no solid material issuppcsuHl to have been cut 
through. 

We will now take a somewhat more complicated drawing os nn illustration—for 
instance, of a toothed wheel, in front clevatiun (Fig. 19), st‘ctional plan on tho* line 



Fig. 19. 


.V A, and elevation as se<‘n 
edgeways, which we shall call 
side elevation. 

In this ca«', as in the for- 
loor, the d«>ttc'd lines arc 
drawn parallel to each other 
from the different vi.4ihlc 
points or edges, and funitsh 
us with the jKtsitionsof th4'.«<- 
in the side elevation and plan: 
the width of the teeth and 
thickneas of tho material 
being supi>osod to be known 
independently. 

Viojactloa oi Ourvea. 
—By the some method, draw¬ 
ings of curved lines may be 
made, some consideration 
being given in each caao of 
tho mode most suitable. Let 


us take for an ov amplo a drawing of a screw. In tho first place, wo must undcrstantl 
what a screw is. Suppose a cylinder or roller were revolving roimd its axis, and that 
whileitwMBOiovtdving a pencil or sharp point were held against it. If tho point 
were at rest while the roller revolved, a umplo circle would be described on the si^eu 
of tile latter. But supposo that while tiie roller revolved the point were made to 
tavsise kngtiKways along it, then a sorew-Une would be drawn on the surface (Fig. 20). 

Tim penal having begun to mark the roUor at a, and having advanced to while 
tiie roDor hag made one com]^eto turn, tiio screw lino acb would he marked on its 
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surface. As we could not soo bodi sides of the toller at once, wc can only draw the 
]»art ff r of tlic screw as yisible, the other part e b being marked by a dotted line to show 
that it exists, and would bo seen were the roller transparent. Tho whdo line a c b 

would be called a thread or comidetc _ _, 

f um of tho screw; and the distance a b f ■ 

would be called the pitch, or distance \ 

liftween tM'o adjacent threads. It is ! \ 

< l<‘ar that were tho roller to continue to —~ » \ — 

turn and the iwncil to advance, the a / \ 

thread would mntinuc to be markt'd as \ i 

far ns tin* surface of tho roller might I . . '1 -_I 

< \tcnd. The screu* marked in the 

llgurc would b<‘ technically calUd a < d 

"drunken thread,*’ or be said Pj lx* of ‘ - Fiir. 20 . ^ 

11 regular pitch, as there was no relation 

hetween the vchxity with which the roller revolved and the pencil advanced respec¬ 
tively. 

Hut if while the roller revolved uniformly or with n*gulnr and equal velocity, the 
iicucil also advanced uniformly, a thread would be traced perfectly regular and equal in 
• all its parts, or 

_jiij_ ^ ___ ® screw, 

r; 1 ; i i ! j • : 

I i j i i ; I mechanics, 

;jr‘ ! rl : • </ Is would be form- 

j i ; ; • ^ i ! ■ \ • ! '«'ill 

1 ‘^1 '.n im ^ /(• .A , now draw such 

pt: ' 'ii r>* a screw. Let 

1; ' ! - U A {Fig. 21 ) be 

• j 11 tlio eud-view 

' ‘K- or station of the 

T'^'llcr, which is miwlv a circle, uiid let B be a side elevation; a being the position of the 






"1 
I r 


1 IK. Cl. 


which is miwly a circle, uiid let B be a side elevation; a being the position of the 
ocncil when it Iwgan to mark the tliraad, b itsjiosition after one complete tnm, and e its 
1 » tsition after two turns; it is our object to find the shape of the lino, or at least its drawing 
I .r projection on the elevation B, eonn€*cting the points a and b, and b and c, rcsiicctively. 
Xow ri'colle<'ting that a regular screw implies that while the rollbr makes any part of a 
t um. the pencil must make an advance through tho same part of its pitch, wc will divide 
the t Ircumferenco of A into four equal parts by the points rf, c,.f, and also the two 
j 'itches a b and b c into four oqiial parts, marked by tlie points A, A, /, f»,«, p- Then we 
know that while the roller has turned one quarter round, so ns to bring the port of its 
surface e to the pencil, the pencil itself has movetl one quarter of its pitch along, so ns 
to be at the jHiint h. If then we trace a line of projection from a along tho elevation, 
and a line square to it firom A, tho point a, where these lines crosa niuot bo a point in 
the projection of the thread. In tho same manner, tracing lines from / and g and from 
k and I crossing them, wc got other points, / and in tho thread; and reputing the 
process for the next »br t»«d, wo get tho points * 3 , and g^ aumlarly aituatediniL But 
though wo might between the points d|, e,,/i, &c., draw* any sort of lines straight or 
cro(»kod, we shonld not Iw warranted in assuttfttg them to be the proper representations 
of tho acrow. Wo can, however, again subdivide tho eirciimferouco of A and tho pitch * 
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on B, ud thus get a number of other points, as inilicntcd in part on Fig. 22, which 
moat ho in the projection of half the screw. A curved line traced through these points 

_ _ ^ will then bt> a eotrcct represcnta- 

'jt f tion of half the thread; and as 

-y > the thread is perfeetly regular, 

--—--- the same form of curve will be 

^ -V y repeated at the equal intcn'ols of 

1”. ^ pitch, from rf, to /„ and to 

"fiSr The intermediate parts of the 

22. thread from f\ to and from /. 

to d^, being traeid on the side of the roller where g is, cannot be visible at the saine 
time as the other i»ortions; but if they could be sc^n, as in the case of a transpan'nt 
roller, they .... o 


I \ ' il-r-* 

1,1 > \ 


ill 

wouldljosym- nj 5 :r- ryijy - tp\ 

metrical with ^ ^ ,/ '• . } 

the visible // ‘ ’ 

parts, but in- ' I \ \ ' 

verted as in- \ / i \ ,' \ : 

dicated by tho .- ^ .-.iL ---1 

dotted lines in * ^ jr • 

Fig. 23. 

yuxt let us suppose that two pencils were held against the roller a little distanre 

ru _ /if. _ “P®^ s.» as to trace two 

! 'S«* J serew-threatls parallel with i 

/--.A,/ \-. eaeh other; the side elevation 

_; / ' \./ \ ' ' \A \ I tins, OS m r ig. 24, prewnts 

/ — . I merely a ivp<«tition«fthepro- 

—-- - Xr — —--~ t'ur\'ed lines at the proper 

‘~i; f/ <•' If r/"^ distance apart—tliat is to say, 

if any numiHT of straight 
lines wert‘ drawn parallel tt> 

tho svjs or sides of the roller, the portions of those straight lines intercepted by tlie 
screw-curves, viz. a h, «, bj, &c., also c d, r, //„ f.. rfj, &<■., &c., would lie all 
equal to one anoAer. The ordinary practical mode of making such a drawing would 
be to set out the points of one jtortion of the curve, such as a o*, by tho method indi¬ 
cated on Fig. 22, to shape a piece of card-board or thin wood to fit it, and tlien marking 
out the proper distances a A, Ui A|, a- A., l> e. At <* 2 t c d, r| rf|, e« rf^, &e., and applying 
the sha]^ card to those points successively, trace by a i>en or pencil as many repeti¬ 
tions of the curve os might be nHiuirod. Ity a similar prooeas, inverting tlie card, the 
elevation of the curve as it would appear tlirrmgh the roller were it transparent, as indi¬ 
cated by the dotted line in Fig. 23, could be repeated. 

Eccurring to Fig. 24, let us now suppose that all that part of tho aitrfuec of tlie 
roller contained between the double Uireads were cut down to a certain depth, so as to 
leave a real solid scrcw-t&rcad prominent, such as would be product^d by winding a 
square wire obliquely round a cylindcy. Our method of drawing tills would be as fol¬ 
lows (Fig. 25) :—^The transverse section shows two circles, one the boundary of the out- 
nde oi the prominent thread, and the otl^ the roller on which it is wound, or the bottom 
of the catting made in the solid roller. Let half of both these eiredes 1 m* divided int(» 
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any utitnber of cqtial parta, and let the length a which tiie thread traTeraes dming half 
a turn, bo divided into the aamc number of equal parta; then, by dimwii^ parallela from 



FiR. 25. 

th(> division points of the two cirvlva untQ they meet pcrpcndicnlan from tho division 
pf>intH rif A b, wo get the half limbs of the outside and inside curves; and shaping a card 
to (>ac}i of those, we can repiwt them successively. A little consideration will show what 
portions of these linc*s would be visible in a side-view, and what parts would be con- 
eealeil. It is usual to show by full lines only the visible portions, tho invisible parts 
being niarktHl, when nccicasary, by dotted linos. 

Other curves can Ik* treated in the same way as screw-cuTves, tho general principle 
being the same to all—namely, hiuliiig the projection of a ntuaber of points through 
which the curve must pass, and tracing through those points a continuous curved line 
as nf^arly as the eye can judge or the hand execute. The greater tho number of points 
prnji'i ted, the more nearly accurate will l)c the drau-ing of the curve. But a little 
pmetiiK* in drawing, and careful observation, soon enable a draughtsman to trace projec¬ 
tion- of curves with sufficient accuracy without requiring very many points for their 
dctei'mination. The drawing nf a serew-curve, such as wc havo described, is as difficult 
a.4 any of tho projections that onlinarily occur in mechanical drawing. We havo, thcre- 
fori>, dwelt upon it at some length, being convinced that the student who sees his tvay 
clearly through this example, w'ill master most others without great difficulty. 

Smwing; VafolAed Suxfkcaa.—Besides the method of drawing objects by projec¬ 
tion, it is sometimes tiscful to | 

represent surfaces developed or ---I-1_, 

unfolded. This may be clearly ^ ' ■ 

undt'i-stood by conceiving that ^ I ' 

a pattern of some kind—say a I I 

scries of squares, as a in Fig. iMy I ■ 

2fi, IS wrapped or folded round pi > .. ! 

the roller b. Wo shall sup- * ^ i 

pose that the piece of fiat , — I ’! I 

paper, or fabric, containing 12 . \ ^ 

the pattern, will fold exactly I 

round tho roller so that tho 

edges meet. The projection of this pattern, as it would oppear in a ride eleva¬ 
tion of tho roller, may bo drawn as in Fig. 37. Observing that the pattern is divided 
into throe ports in height and five in width, wo draw an elevation and a plan of the 
roller, ns in Fig. 27, dividing the elevation into three equal parts in height, and dividing 
the circumference of tho circular plan into five equal parts by the points o, e, e. 
Tracing up lines from such of these points as would be visible, looking on one ride of 
tho roller, vis. a and i, so as to cross the horlxontal lines on the elevation, we get at 
once the elevation of tho pattern as it would appear in projection when folded round the 
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ToIUv. 3!lus tfonld TetUy be ft process of envolopan w i t , for ve hftve first dravm the 
OB ft fiBt surlkoe tben oivcloped the roUrr in it. The process of dcvek^* 

mont is just the converse; « . J . _ 

S I for it consistoin developing ^ i 

M _I »*■ unfolding a suifiiee si- ^ I 




Fig. 27 


Fij?. ». 


readj on the body, and then f i |iir 

spreading it out flat. Sup- | j 1 Ik | y 

po8p, for instance, that we j J . Jt 

5 p had the elevation of a n)Uer, |/X 

i [|j such as Fig. 28, and we do- fj V N 

It , j i sired to develop the pat- j . ■ . ft3 

I i — { tem which is represented | • I 

^ |/| |\c ^ projection on its surface. ^;/: J |\'^ 

I j M We drawany required nuni- . . 

\, [7 her of horisontal lines, ns ; v ; V: 

a, A, e, rf, r, through the '* 

nuirked points of the pat- Pj^ 2 ,, 

tem, and trace perpendicular lines from the 

same points till they meet the circumfcnmce of the circular plan in tlie points 

/, g. A, A, /. We then draw a straight line of the length of half the circuniference 

of the circle, and make it the base of an oblong of the same height as the roller. 

Dividing the base by the points /a ff, A 3 , into {tarts of the same lengths resjH'etirely 

as the parts of the half circumference separated by /y A in the plan, and dirnling 

the height, Cl Oj, by the points Ai Ci </| into {uurts currcsjwnding with the divi-sioiui 

of the toller in height; and through all tliesc points, drawing parallels and {H-rpeii- 

diculars to the base; we got the positions of the different i>uints /, Aj, Acc., in the 

^ elevation, as they 

A \ should be in the de- 

, ' 1 \ , , 

/ ^^ \ 1 ' / ^ - velopment, and can 

/ \ \ t trace through these 

/ ' 'A ^ / points the lines of 

'~y\\ ; \ X thepathTn. Should 

* \ \ \ the pattern he eora- 

f ' ' ^ ■_pl®*» ^ made up 

i \ ^ ' of curved line.H, wc 

I should have to trace the dcviilopment of a greater nurabor of 

I {mints in order to get a correet drawing of it as it would a{ipear 

® when unfolded. 

Wc may here observe that a conical surface is developable as 
well as that of a cylinder or roller; and the mechanical draughts¬ 
man has seldom occasion to deal with the developmout of any 
surfaces except these. 

The development of a conical surface is effected tht» (F>g< 
^ 20 ). Since all the straight lines drawn front « the a{>ex of the 

cone to the circular base are exactly equal, wo have only to 
draw a circle from any centre e with a tadiitt e d equal to a A the length of any one 
of those lines. Then measuring round the circular plan of the hose fiom any {mint s, 
and setting off the same measurmnent from a point ff to / on the cirelo we have 


/ • V 
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doMTibod from tho centre e, and dmwing tlm atmight linee e d and e f^’we get tbe 
development of the conical aarfaoe. A pieoo of pafior cut to the afaape of the circular 
scH'tor e df would exactly fold roimd the cone, the edges c d and «/ meeting. To 
develop any pattern, we ihuuld proceed, as in the ease of the cyiindiieal suicihoe, to find 
the development of a number of p>mts. We shall dbow the method of proceeding with 
one iioint marked y in tho elevation. Through the point g draw a parallel to the base 
y X', and a lino a g from tho apex meeting the base in 1. Project I down to on the 
plan, and measuring round the circumference from « to fj, set off the aomo maueuniment 
from Cl to /| on tin* development, and draw tho line e which will he the ^^elopmcnt 
of the line a L Then -from the centre e with a radius a draw a portion of the circle 
cutting e /, in yi, and y, will be the development of the pointy, for it is in tho developed 
line e f,, and nt the proper dutanco from the apex. A similar process may be adopted 
with ri‘S|>cct to any other points, and thus a pattern of any kind might bcdjeveloi>ed. 

To develop the frustiun of a concf—that is, a cone with a portion of it towards the 
apex cut off, os in Fig. 30—we imagine tlic rone romplotod, as indicated by the dotted 



Fix. ao. 


lines in the elevation, and have only to develop the complete cone and cut of / the 
wanting part, leaving tho development of the actual surface of tho frustum. 

Zataxsectioas. —In consequenre of the facility with which materials can he shaped 
int/> eonra, eylindors, or any forms which have circular seetiuns, and for other reasons con* 
nceted with strength and fitness, these forms ore generally used in practical mechanics. 
It is therefore most important for the draughtsman to bo expert in the projections and 
developments of such forms. Among the numerous problems in drawing these finins, 
there is an interesting, and often useful class depending on the various intenections of 
one ourviHl surfai'c with another. Wo shall givo one example of this to illustrate the 
method that may bo very generally applied in most of them. Jjdt us suppose that a pipe 
of a certain diameter branches out from another of a larger diameter at a certain angle, 
ns indicated on the longitudinal section in Fig. 31, and that we have to draw two eleva* 
tions and a transverse section of this, so as to show the form of the joint, or intersection 
of the branrli with tho main-pipe. 

In the first place, wc should draw the centre lines or axes of the cylindrical pipes, 
and then oae^y mark off the general outlings and points of interseatkm in the two 
elevations. The points e, Ci in the transverse section, would be determined by 
setting off from /| on the centre line, the inside radius of tho small pipe, as deter- 
miped by tho line / y in the longitudinal section. Those points would determine 
in tho longitudinal section, by making Oi equal to a c in tho tranaveiae aection. 
In a similar manner could bo found. There still remaina for ua to dctetminc tho 
particular curves of ^e intosoction lying between tho points lo fixed; and this we 
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nrast do liy a nnmber of other {loints in tho different projections, nrluoh 

dudl bo proper repRsentations of points in the ciroamfcrtincos of the larger 
•nd — irbere they intersect each other. Let ua, for in s t a n ce, endeavour 
to detonnine point in the curve of intersection represented on the front 



i I 

Fig. 31. 


devatian; and as this must be a point on the outside of both pipes, are shall 
draw their outride circumferences from the centres Ji and C, connected by a line. 
Taking any point d in the rircamferenee of C, and tracing it on to dx on the circum¬ 
ference of B, and dravring the perpendiculars d e and dx Si, we draw on the side eleva¬ 
tion H H parallel to tiic axui of the small pipe at tho distance C e from that axis, and 
KK parallel to the «»« of the large pipe, at the distanee B f|. The point d^^ where 
these lines H H and K K intersect, is the pntjcetiim of a point in the intersection of the 
rirdes on the ride devation. Tracing this across by a horizontal lino to the front eleva¬ 
tion, cutting its centre lino at and setting off equal to s rf], we get d^ aa the pro- 
jpetion of the same point oo tho front elevation. And thus, by projecting a number of 
points, we ahoold be enabled to trace thrqpgh them a correct prr>jeetion of tho curves of 
xnteraection in their different a^tects. 

Hitherto we have only treated of the mode of drawing outlines; we may now proceed 
to dieenss the various mo^ of rendering mechanical drawings distinct and more ci^y 
intdligible. These may bo said to consist chiefly in hatching or section-lining, colour¬ 
ing, lading, and shadowing. 
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HATCHUrO AXD SHADIlfO. 2*1 

lSi;.U.n.«HH«dtob.c»ttlm..«hO»«aianurt^ Fig 3*i. 4emmouHtoT 

^-vT of tlM> Bcctioa of a hollow hcaagonal 

prism; the lines conTcy no particular 
meaningf and they would apply as well to 

I the end elevation of a prism with another mK j 

projecting from it; hut if the section HI 1 

j through the solid matter be hatchc^d, as in 

Fig. 33, as if to indicate the appearance 
of the fibres of the cut material, it is un- 
dcretood that the drawing represents a 

llaUUng i. .!«, »c-f.d to «mc ««« f.ir dirti..g»i*tog the iUf^t 

* ; the body drawn m section consists. This is eftecteu 

' ‘ * by hatching one of the pieces hy oblique linca lying 

in one direction, and an adjacent piece by lines 
lying in another direction. Thus, Fig. 34 may re- | 

4 1 i ^ Tr 

VA . U '/* fitu d to it, and one of the bolts and nuts used for 

I I hobUng the cover in its place. The hat^ hne^ 

'm I p of the vessel and its cover arc oblique m opposite 

directions, and those of the bolt and ite nut we 
vertical and horizontal respectively, so that all the 
rijt. 31- separate pieces arc distinguished. 

„..Ktog to o«w,«r..o^au^ to^ 

as Wi ll as tlie su'parafo pieces, inns, iiawninf, i ,. ■.,, — 

mav indicate east or wnmgbt-iron; by yellow' or red, brass or gim- 
nieial. Sections of woihI an* generally batched as m tig. oy \\\\VW 

eurv.Hl line.s, imitating sonicwbat tlie appearance of the rings soon in \X \ \\ sX 

timb.'T when rut across. Two separate pieces of timber se^ m ert^ V ' 

___ section, side by side, may be — 

rzz.Tn::.^ ’^ >1 hatched by ihe^ lines lying in »'*?• ’*■ 

0 /1 opposite directions (Fig. 36); while timber in 

.: -;- longitudinal section may be hatched by crooked 

-discontinuous lines, lying generally lengthways. 

In ,ro*inR.aniwin(»-ltoil w to mr. pn>i«««<>M 

aimon^s » XVv^'^.irfuuT^o^* HiSn^tot toe mnlertoto. 

ttronnhutom or .tool; yollow would nmk toM. or R^-mo^; 

W-ito-nrf, ooppor; .nd «. on. When .ny .. to 1» ««d, .t. n.u .0 

is generally written on such part of tho drawing as wpresin i. details, there 

e«iM W«M.-In ntaort oil mootomiori woA^ or «t loMt 
» noro^orily .ymmotry, or ropoUUou of «,u.l on d.ffor«.t of 
point,. Foi toL. 00 ?. oyUndor, cone, ootann., ».d 

lonpdtodraxo,. Th. tooto of . wheel «u ,y»«iotr.<*l rouid «. o«ite, tod «. wrto 

almost all tho forms suited to machinery. . , , • Mmtral or 

It i^ tWo«, mort to.po.tat to «.oeh»io.a dn.w..«i 

nxM lino, of too different port.. A. too« lino, do not no«tanly .ppe« °n the nto 
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toil], tfafcj am generally dietinguithcd from those tbat mark ontlinee of actual Corm by 
the use of n dUferent-coIoured ink; for inetanee, if the lines of the draving generally 
be in black, as they usually are, the central lines may bo ruled in rod or blue. They 
lihinild alaraya be lino but distinct lines, because they serve as a starting*point for 
mimeroua dimensums. As an illustration, wo may refer to Fig. 34, which wc may 
suppose to be the section of a round or cylindrical Ikix, the centre or axis of which is 
marked by the dotted lino a. One of the bolts for fixing the oover is also shown; and 
asfihis bolt is also cylindrical, it has an axis or central line 6, and the position of the 
bolt is snSfliently indicated on the section by figuring ^hc distanoc of its axis from that 
of the cylinder, os it is Iburked, 10, on the figure. Wc have indicated the central 
lines a and b by dotted lines, to distinguish them from the outlines and hatchings; on a 
drawing they would probably be marked in blue or red, nut dotted, but plain, fine, and 
distinct. 

Wi afi o iFi In order to render mechanical drawings more intelligible 

than they otherwue would bc^ recourse is had to shadowing and shading. The projections 
which constitute mechanical drawings arc not representations of the actual appearances 
of the objecta to the eye; they are mcvely the traces of their outlines formed by parallel 
lines drawn from all parts of them to certain imaginary planes or fiat surfaces, which 
ore supposed to be transferred to the pti'per. In like manner, in Uio shadowing and 
s h a d ing of mechanical drawings, we must not attempt to give the natural uppearanec of | 
the lights and shades visible on the objects. We must eunecit some system of illumi- I 
nating their surfaces in accordance with our system of pmjei'ting their outlines. Tiio j 
object of such light and shade is to make np for the deficiency of one of the dimen- i 
sions of solid objects, depth, thickness, or when wo represent them on paper or 

any flat surface. 

These outlines, however accurate, can never show more than two dimensions— < 
length and breadth; and can convey no idea of parts projecting or receding from any | 
surfaee represented. Xor can light and shade applied to those outlines give the other | 
dimensions, so that they con lx: measured; but they can be applied with very good . 
effect to indicate which iiarts arc supposed to project or recede from the general siuface, j 
and the comparative amount of sneb superficial variations. If we had, for instance, j 


the outline elevation of a square block of some material (Fig. 37), wc cannot judge 



Fig. 37. Fig. 38. 


wlietfacr the outline is intended to represent a prominence or a hollow in the general 
snxfruse of ^thc block ; but by a little shadowing we can give the effect of cither, as in 
Fig. 88. In a wc see that the inner part must project beyond the outer, in order to 
east • dmdow upon it; while in b the outer part of the surface must project beyond the 
inner fior ffie same reason. 







DBAWXXO SOLID FOBMS. 


Agftiii, shading may bo very aerriccable ia giving a jurt idea of t3ie fom of on 
object soon in elevation. Thus a (Fig. 39) is the bate outline elevation of a roller 


Vig, 39. FIff. 40. 

standing on one end; but it gives no notion of the roundness of the object, b is the 
elevntion shaded, and at once conveying the idea of roundness. 

When the lights, shades, and ahadoa*s arc all introduced in thei^ proper places, as in 
Fig. 40, the notion of solid form is rendered very distinet, and a very clear conception 
of the ribject represented is conveyed to the mind. 

'llic mode in which shadows arc drawn is very similar to the system of project- 
V ' ’v \ ' ing tho outlines them- 

selves, if w© sup- 
Po“ * body, Budi as 
a die, to stand on a 

• ^ table, and numerous 

parallel rays of light, 
indicated bythe dotted 

^ I_•JUBjU^r / ^ lines, to atriko on it 

y at an angle, aome of 

---/ them would be inter- 

'*1. oepted by the die, and 

thus all the surfoee of the table and the die would be illummatcd, with the exception 
of the portions from which the light ia kept off by the solid body. The daric su^cc 
thus left on the table, is a shadow of the die; and tho luiillurainatcd aide of tho die ia a 
shade on the die. It apitoara, then, that the shadow is merely a projection of the figure 
niaih' on a plane by tracing oblique parallel lines from all the points in tho outline of 
tho iiody to that plane. 

But os this projection may, like the pfojactioD of tho object itself, bo effected on 
more than one plane, and aa wc ore at Hberfy to suppose the object placed in light 
coming in any convenient direction, wo may select such an obliquity of th^ xbya as 
Di:./ at tho some time fiimish us with the moat distinct shadows, and wifJi thoae most 
easily drawm. In selecting, then, the ang^o at w^hich tho rays of light shall atxBce, wo 
can assume any that is not oolncidont with tho planes of projection on which our 
drawing is made. But aa these planes are at right angles, or square to ono another, it 
seems natural to acloot half a right angle, 45°, or what is generally tennod by worionen 
a mitro-ang^e, as the direction of tho rays. Again, aa a line dmwn at such an angle 
may extend either ftom below upwards, or from tho right towtrda the left, or from a 
distant point towards us, wo must select the most suitable of theeo oounes fiw giving us 
distinot shadows. As we aro generally aoouatomed to aoo objects ittominatod by Hgbt j 
coming from abovo, it is natural that wo should dotennine on en^loysiig rays ooming ; 
from above downwordb. Further, as our drawings arc intended to represent tho viublc | 
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■opfOKtlMMe BdM AltaiocacpoMdtoils,Ohuiiiwled; and 
t fa a wt ao ■stoot tmys owning from bdiind ni, and striking on and post the objects. As 
to vhedlMr tibaae rays ahall come in a direction £rom left towards right, or from right 
towards loft, k a matter of indiffanoice. The only circumstance which can affect our 
dtoioe xa tide last respect is, that dranghtamcn generally rit with their left aide towards 
tile lig^ aad therefore are more likely to edect rays coming in tho direction to which 

they are aoeuatomed: that ia, from left towards right. 
27ow, in orda* to sec clearly the effect of rays supposed 
to como in the chosen direction, in illnminating certain 
surfaces, and in producing shades and shadows, wc shall 
suppose a piece of paper, cut to the form of Fig. 42, con- 
aisUng of three eqtul squares, 
and that portions of the <tiago> ! 
nab of these squares were | 
drawn, lying at mitre-angles, or < 
angles of 45^ with the sides of 


a 


z 

z 

* ^ 

----- 


the squares. Now, let us sup¬ 
pose that the paper is folded 
so as to turn up the two 


C 

shmg the bro lines « i and a 
squana pttpsndimilar to the third, and to each other, as in Fig. 
sUea of a square box, with the diagonal linos drawn upon them 



Up. «. 


I 


43, forming three 
If the lines of 

projeetum upwards, towarda the right and towards the front from the extremities of 
time d**c**»*l lines respectively, be drawn till they mei't, as indicated by the 
dotted we get a line d e lying obliquely to each of the three sides, of which line 

the Kiyw arc correct projections. Now, thb line d« would represent a portion 

of one ^ the rays of li ght which, as wc suppose, illuminate the objects, and all tltc other 
rays wmdd he y—11«>1 to it. The shades and shadows, therefore, of plans, elevations, 

/ and sections, projected on the 
/p three planes, wUl all be deter¬ 
mined by lines lying at angles 
of 46* to tlio boundaries of those 
planes. As an example of tho 
mode of correctly delineating 
ahadonm according to this law, 
we may explain tho mode of 
defining tho shadows in Fig. 44. 

1 . The line « b drawn at 45* 
firom the edge of tho ecction, 
gives the breadth cb of the 
bottom, over which the riiadow 
of the side extends; we there¬ 
fore set off MM and po in the 
Plan 1, oadh equal to sA; and 
iide paralldl to the edges, we have the outline of that diadow. 

, X Drawing d# and/# at4fi” from two lower edgeatff the eeetion, we get the extent 
eCjlhe shadows ohservaUe an Plan 2, tiie innw shadow s w r of the projecting part of tho 
hettoto hsh>g liiaited, beeaoae tha Ism de folk wittdn the edge of the bottom in section, 
wl^ the shadow gig Tnrtffudit as for aa the edges of the Plan 2, and would extend 
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DBAworo coxBomri) lines. 


further if there were any aurfaoe to oatoh toe ahadowi hecanae toe line /y in 
oxtooda beyond the edge of the body. 

3. Again, in the elevation, h i gives the point i as the limit of too shadow of too 
upper projection, whUe kl^ extending beyond the projecting part of the bottom, shown 
that all its surCsoo must be wiUnn the shadow. 

For drawings of bodies, whose boundaziea are plane surtooes, aanlwitoee edges are 
straight lines, the shadowing is very simple i and toe pnq^ ha s Hnatio ns and honndaries 
of the shadows almost suggest theniselvcs, without ton neoessily for th^ actual projee- 
tion. But when the bodies arc bounded earved aorfhoes, aooh aS eyBiiden% cones, 
8 ph<nres, and the like, the projection of the shadows ia aomewllpt mote difficult. A little 
ooDsidcraiion, however, will in moat of these oases enable the draughtsman to give a 
sufficiently faithful representation of the desired cffi»t. It must not be snppoiad toat 
the shadowing of moohanical drawings is intended to give them any merit in an artutie 
Itoint of view; for, as they are not real perspective representations of ol^eets, but only 
imaginary projections, so the shadows tinted on 

them are not the representations of shadows ■ '' . ' ' J 

aetuany seen on the objects themselves, but geo- | '"‘4 \ ^ . 

metrical pn>jc<'tion 8 of shadows that would occu | J Vpi 

on certaifl suppositions as to the direction of illn- 1 | | j 

ininating rays. The only purpose of the shadowing ; i j I 

ia to give a clearer conception of toe solid form | i I j ■ j _• 

inb'nded to be shown; and the draughtsman should i • i I j : : 

tberefun; take care to make these shadows geo- ■ | j i j ♦ i | 

metrically accurate. After having solved a few ! | pvl 

pFoblcms by actual projection, ho will find it easy \/l 1.4—I \ 

to give tolerably faithful views of shadowa by tihie / 1 /; } } \ 

eye. Wo a’ill work out two problmns in drcular _( < L Mc ) 

shadowing as examples of projection; and we have \ /‘iTj | i j 

selected two kinds of shadows most comnumly j >fsjl Jk/I J 

occurring in mechanical drawing for this purpose. '' \i''’T j/ 

First, in Fig. 46, we have on elevation, and a 
plan looking from below, of a cylindrical body, / ^ J 

aith a flange or projecting rim round its upper ^ 

end. The plan and elevation have a common Fla. 45. 

centre line corresponding with the axis. It is evident rJiat the toadow of the lower 
edge of the flange is the boundary of the toadow of the flange on the elevatien. I^ 
then, wo take any point, such as a on the phui, tracing it up to »| on the and 

drawing ah at 45% tracing up £rom h a line in elevation till it meete a Ban 4fawn 
at 45° from «i, we get 5, in the dovrtion as the ehadow of Of TtoiagA. numhar 
of poiate, such as a, and finding their shadowa in a MiHtlM- manner, we ahoold be 
able to trace throui^ tbem a curved line /i 5| aa the boundary of toe dindow of toe 
flan^. The extimne point /| ia found at onoe by taking/ on toe^pktti dmwing/A 
tracing sup to St on toe elevation, and drawing S|/|. TheBneaJonffaaplttisennpoaBd ^ 
to touch the innmr oirde in i\ thereflirei, ig remainder ni. toe part of toat 
cirolemuatbeaUinaliadow, aathebody Haelfintero^titheriyi. The line tnmad 19 
from d to toe elevation, and meeting the proper shadow line Stdt in d^, ii to e r sfes e toe 
boundary of the iUumimded part of the delation; and if the shadow part be filled in 
with a l^ck tint, we have tiie appearance preeented in Fig.4fi of toe ddifoe pnojeetiiaB 


Fla. 45. 
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I ordiidow ol’tliiBflBage (m the cylisdcr. It is numifcst that thu diadow does not ooiitc7 
ft piopear notkm of the oylindrical surfiuics intended to bft ahown. The dinwing requires 

shading to give the 
hill effect; and after 
another example of* 

(dmple shadowing, we 
will endeftToor to 
diow how tile shading 
may he effected.' 

Beferring now to 
Fig. 47, showingapldh 
and scedon of a oylin- 
der open at top, we 
hare to inquire as to the form of shadow in the section 
cast on the inside by the cylindrical ndo. Taking any 
points ifd cm the inner oirclo in plan, and drawing 
lines from them at 45' till they meet the opporite limb 
of the dnde in the points eye; tracing up these points 
by lines to the deration, and also the points b/d to 
^i/i ^ tnm the latter drawing lines at 45' to meet 

the otibers,Sre get the points r, y, e, in the boundary of 
the shadow. The point s, where a lino at 45° tonehesthe otrole, being traced np to a| in 
the section, gives the oommcnccmcnt of the shadow; and the outline being filled in by a 
dark tint, presents the appesrance of an interior cylindrical shadow. Like the exterior 
shadow shown in Fig. 46, shading is required in order to give the notion of a curveil 
surface. 

We shall, therefore, now proceed to discuss the question of shading; which con> 
rists in placing on a drawing, tints of various degrees of lightness or darkness, so as 
to represent the comparative amounts of reflected light from the different portions of thi- 
suifrioe represented. We are not aware that the question of shading mechanical I 
drawings has ever heen discussed on geomotrieal grounds, like that of shadowing; it is, | 
therefore, with conaiderablo diflSdcnco that we venture to offer some considerations 
whicb may furnish a due to the proper variations of U§^t and shade on prqjeetions. A 
skilful dranghtaman has little difficulty in bringing up a very cotrect, and even on artistic 
' effimt of Iq;ht and shade on mechanical drawings; butwe bdievot^t it istoa practiscfl 
I and an aopert hand that bo owes bia a ucce as. In diadowing, ho trusts to the same 
■iLMmiwm of inooan; but as the ontlineof every diadow can be determined with mathc* 
aoemaoyy on the mpposition of parallel rays of light proeeoding at catain angles 
to the pianas of farojeetion, cm the same snppodtion we think the variations of light and 
can also he detemtined. It must he confessed that, even if the lights and abadcs 
of a projection were daterained in quantity, so that wo could Mty andi a part of a 
Bdr&ee maut have twice oe thriee tiie darkness or the lig^ of sooh another part, wo 
ahonld still lahoor under the difficulty of carrying out theee dimenaiona of l4;ht and 
■hade. We adg^ howevav ^pronoh them ^ applying repea ted dark tints to the 
■haded parts; —tiie manwr of equal tints laid cm above ene anotiier, eorrospond 
wiffii the d^ee (ff daihusm dateiadned on. But even without attempting any matho> 
nialioo&^ aoenrata mode of o ar y in g ovtlha theory in ^aotioe, we auty at least derive 
iiivn Bin xiOB ns urwiiiigiiniyns 
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If we Buppoflc tbci circle in Fig. 48 to bo the plan of a cylinder, of which we wish to 
TcprciM'nt a ehaded elevation, one half A D B wouldnot be shown; the other half has its 
rircumferenco divided into eight equal parts. We 
will suppose parallel rays of light 11, Ui, 11^, R,, 

III, U„, to romc at tlio proper angle (45’*), and 
bo reflected fhjm the surfarc of the cylinder in 

the din'ctions r, r„ r^, »•„ r^, rg, r^, respectively. » / i 

These dirt'ctions of the reflected rays arc of coiirBO --®r — 

detc'nnined by dnnsnng them so as to moke the' ' 
same nnglcA with the radii C A, pi, C2, &o.., as the 
incident ruys moke with those radii, but on op]:) 08 ite 
sides of them, accorfling to the well-known optical 
prineipl(‘ that rays of light are rc*fleeted from a siir- 
fnec* at the same angle as tliat with which they strike 
it. Now, of all those rays, tliot striking the pfdnt 3 
is refleeUMi most dirwtly tn Mn eye situated in the line 
C E at a great distance from f*, 3 r, being parallel to 
C and tlu'reforc tlie chwation of the point 3 should 
1 h> tlie brightest. Again, the points 2 and 4 would ap- 
IM'nr e(|ua]ly illuminatcfl, beeause the refleetiHl rays 
2 r, and -I lie at equal obliquities to C p]; hut each Fig. 48. 

of tliose ])ointb would a])priir le.ss Uluminuted than the point 3, because of this obliquity. 
P'arther, the points 1 and 5, whence the rays are reflected parallel to A B, mark the 
I>la«fs where the illumination of the surfaee eeascs; and were it perfectly smooth and 
polished, all Iwyond I towards A, aiul In'yond o towards 6, would be perfectly dark. 
The ]M*rtion 6 to B, receiving no light at all, would Iw represented in shadow. In the 
elevation tlien, if the points in the circfimfcrence of the plan be projected, and tlic sur- 
fiu e d.'trki'iied by lines or tints in accordanct* with the deficiency of reficeted illumina¬ 
tion at its different parts, wo get a geometrically shaded 
representation of a cylinder. 

For tlic interior surface of a cylinder shown in section, 
the light and shade of the different parts may be found in 
a similar way, as marked in Fig. 49, where the point 6 
giving the direct reflection will be the brightest, the points 
4 and G haring equal intensity of light, but each less than 
5, becnu.se of the obliquity of the reflected rays; the part 
A 1 2 3 4 quite dark, because the light is intercepted by 
the edge A; the point 7, whence the ray is reflected parallel 
to A B, the last part of the illtuninated surface; and 7 B 
dark, hoeause the rays are rt'Acetod backwards. The section 
shows the shading in accordance with this variation of 
reflected lights, the lower part of the interior being com¬ 
pletely shadowed in the form marked in Fig. 47. 

The shading of other curved surfaces might be deter¬ 
mined in a similar way; but os cylindrical surfaces are those 
which most commonly occur in drawings of machinery', 
we consider it suflicient to have pointed out the principles upon which the shading of 
them may be determined. A Uttlo practico will soon miablo a draughtsman to give a 
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iXMindiiig offbot to drawings of such surfaces; and a Uttlo care given to this will often 
render plain and explicit a drawing which would otherwuo be comparatively obscure. 
The li^ts, shades, and shadows to oomplcto drawings need not be determined by 
geometrical projexitions, which would often involve great labour without adequate 
rosttlts. A draughtsman accustomed to make drawings of machinery, funus in hU own 
mind a very accurate conception of the solidity, projcctiono, and hollows of the various 
parts, and throws in the shades and shadows hy eye in sueh a manner as to give a toler* 
able notion of theso variations of surface. It ia u'ell, however, that the beginner | 
should know the principles on which shading should depimd, and he will then be better > 
prepared for that success in their application which^practioe of ere and hand can i 
only give. j 

Before concluding this part of our subject, wc may say a few words re8]M‘cting the ' 
instruments required by the mechanical draughtsman. The board, on which the j 

j is fixed, should be of well-seasoned wood, accurately right-angled, or, as it is eotiuiionly < 
j called, sjsMTV at the angles. As wood is often apt to warp and shrink accoidiiig to ' 
{ changes in temperature and moisture, it U ttftou nceessaqr to have the edges of tlie * 


r*i 

I 

_ ! 
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board adjusted by tlic cari»enter's 
plane, especially if the wood be iicu'. 
W'liorc great accuracy of druwimir i» 
required, this is a matter uhich 
should always he carefully looked to. 

The draa'ing-square, or T 
squaits eonsiats of a stock, with u 
]>rojcctiDg lip M'hieh can slide ulong 
the edge of Uie drawing-board, and 
a blade bailing tlie edgi's accurately 
straight and parallel. The edgis of 
the blade sltould bo at right aiiglc.i 
to the face of the stock; but this is 
not of very great importance, f*ir 


even if the Uade made any other than a right angle with the stock, provided the angle 
C (Fig. 60) of the drawing-board be a right angle, the lines drawn by tho square 
appli^ to both edges of tho hoard will be at right angles to one another. Indeed, tlie 
blade stock arc often made so that tho angle can bo varied at pleasure, a screw 
being fitted in tho stock in such a manner as to hold the blade fast at Uic angle 
required. This form of instrument is called the bevil '7~ square, and is useful wlnui 
thm arc to bo drawn numerous 



lines parallel and at right angles to 
one another, but obliquo to tho 
edges of the board. 

Set-squares are triaagularpieoca 
of wood having their aidsfe accu¬ 
rately straight, and making parti- 
ctilar angles with each other. 

Tbo most useful set-squares are 
the three ehown in Fig. 61. 

Ka. 1 ie a triangle, hpving one 
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an^ a right angle, or 90”; and the other two each 46”, or half a right angle. 
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No. 2 has ono an^lc 90'; another 30% or onv-third of a right angle; and the third j 
j (50% or tM’o-thirds of a right angle. 1 

No. 3 has an angle 90'; another 22|% o%one-fourth of a right angle; and the third ■ 
(57 or throe-fourths of a right angle. | 

As an example of the use of these set-squares, wo will suppose that we have to • 


flcscrihc a hexagon round a given circle (Fig. 
.52). The circle being described round the 
<*entrc G, the blade B of the "J* square being 
brought into any convenient position, the set 
square No. 2 is npjdied to its «dgc in the 
iliffercnt positifms marked by the dottcid 
lines, and the sides/c, ed, and dr of the 
hexagon drawn, touching the circle: the 
other sides, r A, bn, trf, being similarly drawn 
l>y shifting the set-sfjuare into suitable posi¬ 
tions, which are not marked in the figure, to 
avoid confusion. 



Seales an* blades of ivory, boxwood, metal, or card-boanl, having straight edges 
divided into equal ports, w'hieh an* generally fractions of a foot or inch. In making 
•Irawings <tf machinerj’’ it is generally necessary to ivprescnt the parts, not of the real 
'ixes to which the/ are made, but to some know'u scale, so that all the proportions of 
the parts are aecttrately maintained. For inataneo, had we to make drawings of a steam- 
engine, we should si'loet some eonvenient size for the drawings; we might, for example, 
r. present the engine one-eighth of its real size, and should form a scale every inch of 
which should stand for eight inches of the real W'ork, everj' foot for eight feet, and t^ory 
iiu'h and a half for one foof. This would he called a scale of one-eighth heal size, or a 
*>ca1e of an inch and a half to a foot, bccaiist; an inch and a half is the eighth part of a 
fb«>t. Now, in making the draunog, or measuring from it when made, it w'ould be 
troulilesome and U*dioiis to calculate what should be the size drawn of each dimension 
of the w'urk; but having fi.rst formed a scale, such as Fig. 53, cveiy inch and a half of 
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wLb li represents a foot, one of these feet being divided into twelve inches, we can at 
on.-e apply it to the drawing, and set off any required dimension in feet and inches. 

The most convenient scales for mechanical drawings arc those of 

6 inches to 1 foot, or 1 mil size. I 1 inch to 1 foot, or real size. 
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For architectural draw'ings, and drawings of large works generally, the following 
scales will be found convenient, in addition to the above:— 

1 inch to 10 feet, or lirt real size. I 1 inch to 50 feet, orisJs real size. 

^ if 20 ,, ‘aJii »* I ^ ff »» n 

^ ff ff vitf ff i 1 n 199 ff ItAto It 
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For dmwings of land-surreys, it is ustial to employ chains as units nf incastiremeiit; 
and scales are therefore made in terms of them, such as ten chains to cme inch, and the like. 

In plans of railvray or canal works it is neecssnr}' to measure round curres; and 
as these curres arc prenemlly made portitms of circles for ease of setting out iind execu- 
j tion, circular scales, dirided equally round their cirrumforences, are sometimes cm- 
' ployc*d. 

j Offsets are sliort si'oles which act as set-squares ns well os scull's, 

j The protractor is an instrument generally made scmieireular, diridisl out i?qunllv 

I round the circumference in degrees; and it is used lor setting off such angles us may l»e 
[ required. 

I The otlier instrument.s, such a.s dividers, drawing-pens, pen and pi'ncil-eompas.'ie'i, 
are so gcncnillr knovi-n, and thcii use is so simple, tliat we iuhhI not devote space to con¬ 
sidering them. 

I For the draughtsman employed on devising, on pa[KT, work to hi* exeeuted in soliil 
I materials, wo stnmgly recommend that he should, as nnich tut intssihle, endeavour to 
. draw all details of their full size. Scak-drawings, es|tectully of large works, arc ahst>- 
J lutcly required to show the eoinhitiation of all tin* parl.s into the one machine or engine, 

' full-size drawing.^ of whiih would Ik< of ino.st inconvenient size. Ihit in aihiition to th.e 
I scale-drawings of the whole, it is the practice of the liest engineers to execute full-si/cd 
I drawings of details. One great advantage of this is, that the dniiightnnian sees hettcr 
I on the full size what should lie the la-nt forms, dimensions, and emnhinntion.s of the 
j {Mirts in respi'ct of strength, eliieicney, and economy of nintcrial and lnlM>ur; and anotln r 
; advantage consists in the facility with which tlie workman con rend off tlie drawings, oi 
transfer to the solid matcrird.s he labours on, the diinensions and forms marked on the 
I dra^Pings: he has only to apply his rule to the drawing and to his work, and make tin ni 
I agree. Farther, as it is customary for workiucn to use rules divided into inches, and the-*- 
• again into halves, quarters, cightks, and sixteenths, the dranght-imnn should make hi- 
tUmciuioits .such as can Iw measured in those fnictions. We liave known nuiuemus 
workmen who perfectly comprehend the eighth or sixti-enth part of on inch, but liad not 
the remotest conception of what was meant by tlic tenth or the twentieth part. Wci-c 
the dimensions even fignn-d by tenths, the workman would read it in qiaarters, cighth-i. . 
or sixteenths, and would moat pruhahly err in reducing it from the one denomination to 
the other. It i.s, therefon*. jireferahle in the first instance to dr.iw or figure the dimen- 

I sions in. a denomination which the workman will emplnr. , 

: 


STREXGTII OF MATEUIALS. j 

The materials with which the practical mechanic has principally to deal are metals, j 
such os steel, wrought-iron, cast-iron, coppi-r, brass and gun-metol, lead, tin, and zin<-; j 
timber, such as oak, teak, ash, hooch, and lithcr hard w'oods; fir, pine, cedar, and other 
soft woods; stones, bricks, mortars, and cements; cordage, straps and bands, and the [ 
like. The strains to wbich4hcso materials may be subjected, may be classed under five j 
heads:— * 

1 . Tension, or a strain applied in the direction of the fibres of a body, so as to pull , 
it asunder, as in the case of ropes, bonds, tic-rods, and chains. The strength of a body ^ 
to resist a strain of this kind, is colled its cohesion, or the furae with which its ports are | 
held or knitted together. 
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I 

I 

I 

j 2. Compression, or a strain applied also in the direction of the fibres so as to crush j 
r. liody, as in the ease of a column. Compressive strain is exactly opposite to tensive , 

! Strom; and the power of a body to resist it seems to dqiend chiefly on its elasticity. | 

i 3. Transverse strain, or force applied perpendicularly to tho fibres so as to bre^ the j 
body across, as in a beam loaded in the middle. In resisting a strain of this kind, the i 
cohesion and elasticity of a body are also exercised. | 

' 4 . Torsion or twisting, or a force applied at the end of a lever so as to turn one end 

of the ImwIv round its axis, while the other end is fixed, as in a shaft or axle. 

) fi. Clipping or shearing, or a power applied to divide or cut a body across its fibres. 

All the possible strains to wh ich materials, whatever be their forms and arrangements, 
can be siibjcL-tcd, arc of one or more of these classes. 'NVe tlicrcfure propose to consider them 
separately, and endeavour to apply the results of experiment and observation to their 
disciLssion, endeavouring to avoid, os far os possible, mere abstract mathematical inves¬ 
tigations. "We cannot, however, altogether dispense with mathematical aid, but we 
.><hall endeavour to place the reasoning a.s niiieh as possible on such a footing that a 
student having a moderate aequaintanee vrith the general principles of mechanics, may 
liave little difficulty in following it. W'e m»i»t prt'mise that the whole subject is os yet 
in an nns(‘ttled condition in some respects, for it has happened that very few writora have 
diseus-sed it ns a whole; and of those who have discussed jxntions of it, some may be 
j said to have done soM-ith too little* regard to its practical application; while others have 
I eiTcd in the ojiposite ditvetion, giving mere empirical rules without theoretical reasons 
I for their establishment. We shall endeavour to steer a middle course between these 
i'xtremea, tiying to sliow n.s clearly ns possibh* the reasons for conclusions that have 
]>c«-n arrived at, and ipioting from the best authorities tlic results of experiments in a ■ 
form that may render them eonvenientlj' applicable in practice. I 

1. Tension. —We may eomsider that every body subjected to tension consists of i 
nuineiY>us fibres laid side by side, and extending over the whole length of the body. 

on if till* ImkIj' bo not of a fibrous constitution, wo may conw'ivc its particles to be 
:in ange<l in longitudinal rows, each particle being hold to the next by some for*;© which 
w e <‘ull attraction of cohesion. A row of particles so held together exactly corresponds 
Avith «iur notion of a flbiv; and wo are therefore warranted in treating all bodies as 
filii'ous while ■we discuss their strength to resist tension. 

Ijft us su])posi' that we have a roi>e capable of sustaining a hundredweight, and no 
I more, M'itbout breaking. We should call the absolute cohesive strength of that roiw one 
j liuiuln'dweight, or 112 llis. Tlic length of the rope by "which the ■weight is suspended 
; bus evidently no infhienei' on its strength; for if any one part of its length be capable of 
, •'ll *ainiiig the strain, and if it he uniform, every other part w'ill be equally capable of 
, ''Ustaining it. It is true tliat were it hanging vertically, additions to its lengtli would 
increase the weight, stretching its upper portion, because ear*Ii portion of added length 
bfconies an added weiglit. Hut considering the weight of the mpe itself ns part of the 
I i'tretcliing force, w’c say that the given nqu} has an absolute cohesive strength of 112 lbs., 

; whatever be its length. 

Now, if any numlwr of such ropes were suspended in i row (Fig. 54), each might 
have a hundrcdwciglrt attached to it without breaking, and the absolute cohesive 
stn'ngth of all together "n'ould ho expressed by tlxe number of hundredweights sus- 
^ tained; that is, by the number of ropes, reckoning each os having tho strength of a 
! hundredweight. Whether we deal with ropes, however, of hemp, or rods of wood or 
of iron, or of nny other material, if avc know the strength of one such rod and the 
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number of them Bustaining equal vcigbU, uro know the total weight auataioed by thi iii 
all; that is to saj, their combined atrength. Let us aaaunie, inatoad of ropca, that w e 

W experiment with square hara of 

iron muasuriug an inch each wa}', 
or having a square inch of si'c- 
tional area. Whether a number 
of these bars, such as nine <>:' 
them, be 8us|>cuded in a ruw\ of 
which A (Fig. do) is the plaii, 
with intcni'als between them; ut 
m B close row' with no interval^ 
os in h, and forming a bar uiiu 
inches wide by one inch thick; 
or in a square, C, measiuing thri'c 

uu ditference in their combi ued 
stri'ngth, or in the total weight 

H I ^ however they may be ai- 

« 3 M it If, then, w*e know the weight 

g S a k sustained by a bar or rod of lui} 

H H material having a seetiuual an‘u 

of one square inch, we can esU- 
a MBa mate the weight that can be sus- 

taiued by any other bar of the 
mOV mJr mv same material, by calculutiiig the 

K S' ^ r.. f number of sipiun* iiiclics in it-^ 

■i ^iB ■ li, ^ sectional area, and idluw'ing the 

known strength for each square 
BnE BhH inch. Fur example: let us Hup> 

pose that we find by experiment 
**■ the average strength of a bar ot 

WTOUght-iron, 1 square inch in section, to In* 30 tons, or 07,200 lbs.; let us ascertain 
the strength of a bar 10 inches wide and 10 inches thick. Since the sectional urea i.-> 


ng.51. 




Fig. 55. 




10 in. X 10 in., or 100 square inches, the strength is 30 tons x 100 sq. in., or .3000' 
tons; or 67,200 IIm. X 100 sq. in., vi*. 6,720,000 lbs. The strength of a mind bni- 
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1 inch in diameter would be estimated in the some way; for as the area of a circle 
1 inch in diameter is 0*7864 sq. im, the strength of the round bar 1 inch in diameter 
would be 30 tons X 0*7864 sq. in., about 23} tons; or 67,200lbs. X 0*7864 sq. in., 
about 62,780 lbs. 

Fai-ther, os tlic areas of civics arc in proportion to the squares of their respective 
diameters, the strength of a round bar of iron of any diameter is 23} tons, or 62,780 lbs., 
multiplied by the squaro of the diameter in inches. Thus, a round bar of 10 inches in 
diameter has a strength of 23} tons X 100 = 2360 tons; for the area of a circle 
10 inrhes in diameter is 100 times that of a circle 1 inch in diameter. All this mode 
of caleulation manifestly proceeds on the simple principle, that every equal fibre or row 
of particles is suppo.sed to act equally in resisting strain; and that as tbc number of 
such fibres or rows is proportional to the area of section, the strength of different bars 
or rods are thcnTorc proportional to their areas of section. 

So far the theoretical principle of cohesive strength appears very simple and easily 
applicable in practice. It now becomes our business to inquire how far practical results 
agree with the theoretical principle. Many engineers have devotoil great care to expe¬ 
riments on this subject; and although the results present considerable difFcrcncca, yet 
all of them seem to bear out the princ-iplc we have laid down. As an example of the 
near approach which practical results make to tlie theoretical law, we may select some 
experiments made on round coppt-r bars, as shown In the following table. The first 
column contains the diameters of the bar in inches: the second the sectional areas in 

j 

square inches, or decimal ports of a square inch; the third contains the weight in tuno, j 
and decimal parts of tons, which weix* required to break the bars ; and the fourth column ; 
contains the weights in tons per square inch of sectional area required to hreak or tear ; 
the bars asunder. The numbers in the last column arc calculated by a simple proper- ’ 
tion; thus, taking the bar 1 inch iu diameter, the area of w'hich is 0*7854 square inrhes, ' 
and the brenking-weight 17 tons, w'C say— I 

Sq. In. Sq. In. Ton^. Ton*. 

0*78)4 : 1 17 : 21*645; 

the weight that would be required to ba‘ak the bar were it one inch square. 


T.inLE I .—Experimeuts on Cohesive Strength of CgUndrieal Copper Bars. 


Diameter of bar: 
inctaex. 

.4re» : 
eq. inchCii. 

Breaking-weight: 
tons. 

Breaking-weight 
redact to 1 
ftq. inch: 
tons. 

li 

0*0940 

22 

22*133 

1 

0-7864 

17 

21*646 

ir 

0*6013 

12*8 

21*287 

* 

0*4417 

9 

20*376 


Mean 21*36 tons. , 

It will be seen that, although the sectional areas of fhe bars differ very considerably, 
the breaking-weights, reduced to one square inch of an.*a, do not vary greatly troax their , 
mean value. j 

Table II. contains the results of experiments on best bompon bower cables used in j 
the navy. The fiirst column contains the circumferences, or girths, of the cables in | 
inches (the dimensions of cables being generally stated in terms of their girths); the 
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■econd coloom eootains their soctionsl areas in square inches; the third expresses the 
number of t^ueads in eacli; the fourth column marks the actual breaking-weights; the 
fifth ^pb breaking* weights per square inch of sectional area; and the sixth the brcakiiig- 
wieighta per thread. * 

j * 

'^ABLB 11.— 'Experiment* oh tie Coheeire Strmffth* o^Beet JTempen Itotrer (tables. 


Ctreamf.: 

inctics. 

SeetioBsl arm: 
sq. iachc*. 

Xo. of 
tbrvads. 

llrraking- 
wriRtot: 
tODS, 

Break, weight 
perM|. inch: 
Ums. 

Break, weijrlit 
tier thread: 
lbs. 

2.1 

42 

2736 

114 

2-714 

93.1 

18 

26 

1666 

63 

2-423 

8.ii 

ul 

17 

1080 

40 

2 353 

S3 





Mt-an 2‘6 nearly 

87 


I Tlie strengths in these cases also ore very nearly os the actional areas or iiiinibers of 
j threads. Wc shall finally quote the results of some experinumta on tlie strengtli of 
J wrought*iron bars of various qualiticSf.as markt'd in Tabic Ill., where the breukmg- 
i weights per square inch are given .as calculated from the i>xp<‘riment8. The first column 
1 cemtainsthe de»wription of bar, the second contains the dtinensions, the third gives the 
amounts in inches which each ftnit of the bars stn'U-hed, and the fourth gives the bre,ik- 
I iiig-weights per square inch of sectional area. 

I 

T.vnLB III.— Experiments on the f'ohesiee fitvenythn nml Extension of lErouyht 

Jeon Har*, 



UlnienMon before 

KxtenNion 

Breaking-wci'.flit 

Description iind form. 

r\ten<ion; 

per fcMrt: 

per Mj. in. of •.(■clion 

inches. 

inches. 

ton’.. 

South TTalcs, cylindrical. 

1-38 diam. 

1-81 

29 3 

Ditto ditto. 

1-60 „ 

1 -8G 

29 8 

s 

Stafford, square. 

0'76 side. 

1-22 

27-2 

Ditto ditto. 

108 „ 

1-24 

27-’6 

'Welsh, square. 

1-00 .. 

2-38 

29 0 

Scrap, square. 

1-00 „ 

2-.j0 

29-0 

Common, cylindrical. 

2-00 diam. 

1'.50 

31-K 

Stafford, square. 

1*00 side. 

1 10 

.31-0 




Mean 29 3 


By numerous experiments, such an those quoted, data have been determined from 
which we can readily calculate tlu* dimen.sions of a bar of any material to carrj' a given 
; weight, or converwdy the weight which a given bar of nmtt'rial will carry. Tbt-'se data 
I have lietfn determined by the actual bn'aknge of the bars ti*Hled; but in practice, wliere 
{ durability and adequate strength to meet contingencies of strain are required, it is nc'i-es- 
harv to give the materials we employ considerably greater dimensions than such as 
would merely prost‘rvc them from breakage, or to load them with considerably less 
weights than those which woifid tear them asunder. Farther, it is found in jiraetice 
that materials subjected to considerablo strains for long periods of time gradually lose 
their tenacity; and this degradation of quality must be provided against when i»erma- 
ncnce and stability are required. i 

! lin the case of metal bars it is advisable not to load them beyond one-thiitl of tbeir 
i actual breaking strain; or, in other words, to provide them of three times the strength 
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sufficient to rt«i8t tearing asunder. In the case of ropes, timber, and such ether mate¬ 
rials as am of loss uniform consistency than metals generally ore, or arc more'liable to 
degradation, it is advisable to provide at least four times the breaking strength. 

Table IV. contain^ata for the strength of a number of materials on which experi- 
nients have been made; and the numbers given may be safely used in calculation, as 
they art' reduced to one-third or one-fotuth of the breaking strength. 

The strengths arc given in square inches, and also in circular inohea for convenience 
of enh'uhition ; and the following are the rules for calculating the strength of a given 
b.ar, or the dimensions rcKiuired to hear a given load. 

J. Given, the dimt'nsinns of a bar of any material to find its cohesive strength, or the 
ctjnstant load it will saft'ly l»ear in the dinM;tion of its length. 

1. When the bar is square. 

little .—^luhiply the numlwr of inches in the side by itself and by the number 
opposite thr given material in column 2 of Table IV. 

Jlxtttitph' 1.—Iteqtiirod the cohesive strength of a square bar of English wrought-iron, 
of which each side mt'asums 2| inches. 

2| cxpmsscd decimally . 2'25 

l^Iultiplied by itself . 2‘2>5 

1125 

4.30 

4.30 


30025 

Multiply by tons in table . 8-3 


131875 

405000 


4201875 

X. glccting the decimal fniction, we find that wc may safely load the bar with a 
Avciglit of 42 tons. 

•J. Wlicn the bar i.s oblong, or of some other form having straight sides. 

little ,—Multiply the width by the thickness, or 
generally find the sectional ama in square inches, and 
multiply by the niinthor in c«)Iiiiun 2 of the table. 

Fj-ample 2 .—Itcqiiircd the (•ohesive strength of a bar 
of wrought Clipper of the Ibi-m and dimensions given in 
Fig. 56. 

The upper part of the figure is an oblong or rectangle, 
of which the width is 4 inc lies and the thickness is 1 inch; 
its area is therefore 4 X 1 < or 4 square imdies. 

The lower part of the figure is a trapezoid, of M-hich 
the thickness at one edge is 2 inches, and at the other 1; the mean thickness is there¬ 
fore 11 inch, and the width hc'ing 2 inches, its area is 1^ X 2, or 3 square inches. 
The total area of tlic seetion is therefore 7 square inches: and 7 multiplied by 6 
tons, the strength of wrought copper in column 2 of table, gives the strength of tlie 
bar 35 tons. 

3. When the bar is cylindrical. 

Ihi/e .—Multiply the diameter in inches by itself, and by the number in column 3. 


< . h- 



Fig. 56. 
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JErvN^fab 3.—Bequired tho whosivc strength of a ilr polo 4 inches in dianiotvr. 
^ X ^ 3k 1*3^ 20*16, say 20 tons. 

4. Tnion the bar is of elliptical section. 

Multiply the greater diameter by the lean, and by th^miniber in column 3. 
Hxtmple 4.—Required the cohesive strength of an elliptical lead bar, of which the 
greater diameter is 2 inches and the h'ss 1| inch : 2 X H X glv-c 1»00 lbs. 

6. When the bar is cylindrical and hollow like a pipe. 

Jt»U ,—Multiply tho outer diameter by itself, and nl*> the inner by itself, aubtrant 

the one product from tho other, and 
' multiply tho remainder by tho number 

y//' tn oolunm A, 

( : y "'A Jiramph 5.—Required the eohesirc 

1'^ I V-''''''■ strength of a brass tube 2 inches diameter 

^ ^ outside and H diameter inside. 

» {^'f ’• 2 X 2 = t 

" ^ nxii = -H 

r:rrT--" ' H X a-12 = ^‘7 t.-nv 

y -"" ,, I 6. ,\n a gi*n*>ral nile, wluiteviT be 

. .V.* • 1 form of stftion. Hud the area cither 
*■' '* _ -s. - ■ 24 - - --V ill s«iiiare iiu lic.n i>r circular inihcs, ami 

^**^* *'■ ii.se ns a multiplier the number in 


.—3 
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column 2 in the one case, and that in column 3 in the other, (tr find llu* stn-ngths 
due to the several parts of tho section, and add tlicm tog«>ther tir the total strength. 

Example 6.—Required tho cohesive strength of a ea.st-iroti bar of the form .-ii.d 
dimensions given in Fig. 67. 

Taking first the hollow semicircular pari. 

Outer diameter 6 in. X '“I ~ 26 
Inner diameter 3 in. X 3 = 9 

Take I for scmieiiX’lc )1G 

8 circ. in. X 2*12 tons (col. 3) = 16*96 tons. 
Two upright sides each 2 in. by 1 in. have an 

area 2x1X2 .= 4 sq. in.'i. 

Two lower flangi*8 each 2| in. by 1 in. have an 
area 2x2^Xl . 

• Square inches 0 X 2’" tons (col. 2) = 24*3 tons. 

Total cohesive strength 41*26 tons. 

say 41 tons. 

" II. The converse operations are for calculating the dimensions of a bar rcquu'cd to 
cany a given load. 

7. W'hen the bar is square or oblbng. 

Euk .—Multiply tho number in column 4, by the given number of tons, and tho 
product gives the number of square inches of sectional area. 

Example 7.—Required tho area of a bar of wroiight>iron capable of sustaining ten 
tons. 
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Number from col. 4 . . . 0*120 

Multiply by. 10 

1*2 square inch. 

This sectional area may be attained by makii^ the bar square about liV inch of a 
aide; ur making it oblong, sucli os 2 inches by ^ inch thick, or any dimensions such tiiul I 
tiieir product is at least 1*2 square inch. i 

8. When the bar is e.vltndrieaL ! 

Jiufr, —i^fultiply tiie number in col. <» by the weight in tons, and take the square 

root of the product; it will be the diaint‘t(>r in inches. i 

• J-'ramplf 8.—Kequired the diameter €)f a cylindrical bar of wrought-copper to earn* j 
3o tons. 

Xumbt'r from col. 5 . . . O*2o*3 

Multiply by. 3d 

9- nearly. 

The sqnan* root of 9 is 3 inches, the diameter of the bar. 

9. For bars having sections of various forms and proportions, the calculation muit ; 
l>e t rials to a certain extent. The number of septan* inches required is found ns in 
Example 7, and these may be disposed in any suitable form that may be required. 

T.viii.n IV.— fur Cahulathiff the CohrHtrc Slrntythn o f Ban of diffei'ent Jdateriah, ! 
ili(erminrd from Me Areratfes of numcrum Jirperiineiits. The nuuihrrs are ffimi J 
round/;/, aa no material error ivil/ ariee in practice from iltcir u»c. 


(ol. I. 


Col. 2. 


Col. 3. 


Col. 4. 


Col. 5. 


.Viinie of iiiHtcri.iI. 


Strength itcr Hqu.'ire j Strrnmh per 
iiicii ut I - circular incli c 


inch i>£ 
•‘cctional tircn. 


circular inch of 
M'ctional aim. 


Area in sq. 
inches to 
bear 1 ton. 


Aim in circ. 
Inches to 
bear 1 ton. 
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EFFECTS OF IKTEKXAl. PttEMSU&E OX X MiUAEE. 


Before wo lure tho sabjcot uf U’naivo struogth, vro will dutousa a caau M*hich fre¬ 
quently oecun in practice, and where the euht'sivo force of materials is cniployiHl in a 
vessed to resist a bursting or exploding strain nrisuig from tho pressure uf a fluid within 

it. Were a boiler, piin*, or other vessel 
intendv'd to euntain a Huid exerting eou- 
siderablu pressure, made of any form 
except circular in section, the internal 
pressure would chougi* the form of sec¬ 
tion. Thus suppose* the s(H.'tioii were of 
a square form, as in Fig. 58, the internal 
pressure aeting equall}’ on every part 
the cosing, as nisirked by Uie arrows, 
would bulge tlu* tint sides, as indieuted 
by the dotted lines; an<l, finally, were 
the material suftieieiitly pliable, would 
extend it into u cireiilar form. After 
having attained a eireiilar seetioii, in* 
farther change of form wotild be etle<‘teJ, 
and the pn*ssure <jf the intenuil tiuid 
might be inen'ased until it uttairu’il suf- 
ei«-ut magnitmle to bu^^t or rend osundi-r 
I the material. Vcssc'is destined to sustain ennsideruble internal piv.ssuri* are gt-nenilly 
made ciit'ular in section; and a few simple con.siderations wilt enable us to u.s<-ertain 
I the amount of strain which the pressure* in such vessels throws up<m the material of 
j the cosing, and hence to compute the strength of mat4*rial that should be enqdoyed in 
• their coostruetion in order tliat they may sustain a given luesioiire. 



Vig. 58. 
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arrows. One effect of this pressure, if it exceeded the strength of the material contain- i 
ing it, would be to rend it asunder at some point A, section 2; or it might rend it at | 
two opposite points, B and C, section 3, so as to force one half of the casing away I 
from the other. Now, if tlio material were of perfectly uniform consistency and ; 
strength throughout, there is no reason why one point A, or any two points B and C, ! 
.should be seleeted *f»»r breakage more than any other points; but, as in practice mate- 1 
rials an; newer perfectly uniform, so in theory we may suppose the casing to be some- , 
what weaker at A, or at B and (J, than elsewhere, and trace the influence of the pressure , 
to effect a breakage at such points. 'Were we to suppose the whole of the vessel to be \ 
filled II]) with solid matter, except a thin film of fluid in the middle, as shown m section < 
•1, e.\crting a pressure on every point of the flat side of the solid filling-up exposed to it, ' 
w'o sliould involve no change in the conditions, for the two points of the circumfoiencc, 

11 and K, terminating the film of fluid, would have to resist exactly the same bursting- ‘ 
strain as if the rest of the easing were filled with fluid instead of solid matter. Farther, ; 
as this s.'ction woulil ai)ply at any part of tlie length of the eylindcr, we may take a 
belt or jutrtioii of its length, emu inch iu bmidtli, and trace tlie ettect on it—an effect ; 
wbieh would be rei)t‘ated equally on eviwy such belt one inch wide throughout the whole i 
length of the eylimler. Knowing the j)ro#s)iTO w'hieh the internal fluid exerts on cverj' ^ 
sqnaie incdi of the casing, we see by section 4 that the bursting pressure on a belt of | 
easim: one inch wide to be Tiiea.surod by th(‘ pressure on a surface represented by the ■ 
line II K,—that is, on a surface having for length the diameter, and one inch in width. If t 
tlii< ]»!-essiirc burst the casing at one jioint E, section 5, so as to cause one half to turn , 
round the ojiposite point L as a fulcrum or centre ; then, by the well-known principle ' 
of tlie lever, that a uniform pres.sure acting at every point of the arm of a lever has the : 
same eifeet to turn it round its fulenun ns if it were all collected into one’forco acting ; 
at t!n‘ middle point of the arm, we s<*e that the bursting pressure is equivalent to u ■ 
force acting at I> (jis miwked by tlie arrow), while the cohesive force of the casing acts ; 
at K, il mblo the distance from the fulcrum I.. Heuct wo conclude that the bursting ' 

^ I 

fi'i-ee, as resisted at one {mint of the cireumfeivnce, is half the pressure on the diameter, ; 
or till' ]»ri*ssuiv on half tlie diameter or radius. Again, if the vcissel open at tW'O points ! 
I' and <i. section G, we set* that tlu' whole bursting force, marked by the central arrow, | 
bcii’g ie.sistt‘d by two equal forciw at F and G, each of those forces need he only half the 
l)ur.siMig force; so that in this case we find that the effect to open the circnmfercnco is 
half tlie jircs-surv on the diameter ns before. 

To apply these considerations in practice, let ns suppose that a boiler of English 
WToug'o.ir,,.,^ (] in diameter, has to sustain an internal pressure of 100 lbs. per square 
inch, and ascertain the ncce.ssniy thickness of the plate to resist this force. Taking a 
belt of it 1 inch wide, , 

Half the diameter, 3 feet or .... 36 ins. 

With a width of 1 in. 

I 

Has a surface of.36 sq. ins. 

Multiplying by pros-surc per sii. in. . 100 lbs. • 

llie pressure on half the diameter is . . . 3600 lbs. 

which is the bursting strain on any belt of tho circumferenco 1 inch wide 

By Table IV. w'c find that English wrought-iron having 1 sq. in. area of section, sus¬ 
tains 18,600 lbs.; and by a simple proiiortion, 18600 lbs. : 3600 lbs. :: 1 sq. in : 0*2 sip in 
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ncariy, ve fli^ that the acctional area of the belt of cireumfcrencc must Ih> 0*2 sq. in.; 

or that, as it ia 1 inch wide, its thickno-ss must be 0*2 in., or or 1 of an inch. In 
practice, boiilcri are made of numerous plates riveted together; and as the material is 
eut away by the rivet-holes, it may be much weaker at thi'se places than elsewhere. It 
would, therefore, he advisable to make the strength of tlio idatc at least double that 
calculated, which would give a thickness of about S of an inch. 

In the ease of hydraulic presses which arc made of cast-iron, and have to sustain enor¬ 
mous pressures, it is necessary to make the material of great thickness. Then* is, how¬ 
ever, a limit to the pressure which sudi cylinders can sustain ; Tor it isfmmd that after a 
4-crtain thickness of iron has been attuned, the actual substance of the inm beoonu's 
f-umpresaed, so that the inner surface is considerably extended, while the outer sur¬ 
face sustains sewreely any bursting force. Additional thickness of metal does not 
therefore contrihutc proportional increase of strength. Indeed, the practical diffitodty 
of casting thick masses of iron sound and solid in texture, renders it alnumt impossible 
III construct bydranUc presses of any very great force. It is doubtful wlK'thcr, in any 
ease, it is advisable to exceed a thickness of 6 nr 7 inches wdien east-iron is the luateriul 
emplo>*ed. The same remarks apply to a certain extent in the vast' of ordnance: but 
in making large guns or mortars, a couridemblc advantagt* nsults fmm tlic ]>roeess of 
manufac;turc. The gun is cast solid, and afterwards the heart is b^d out. Mo.st of the 
unsound and spongy portions of the metal an.‘ thus n'moved, amfrlic shell left i< much 
sounder than it would be, were it ea.st hollow os hydnmlic presse.s generally arc. 
Vessels for containing fluids exerting pressure*, are likewise subject to a bursting stiaiii 
in the direction of their length, which is resisted by the cohesion of the easing 
Taking the case of the boiler 6 feet in diameter, ami 0*2 in. tliick, we nuiy ri'adily calcu¬ 
late what pressure it would boar before it gave way in the direction of its length. The 
whole boiler may be taken as a hollow or tubular bar of wmught-iron, capable of hu*>- 
mining a ccrtiun weight hung to it, equivalent to the pressure on one of its circular 
ends, tending to force or blow it tft a distance from the other cud 

Outer diameter . 72*4 ins, x "-■* = 5*242 nearly 

Inner diameter . . . 72*0 ins. X = 51K4 


I 


I 

I 


I 

1 

i 


Area of ring in circ. ins. 58 

I Cohesive strength of 1 circ. in. wrought-iron 14600 

i Total strength of circumference 846800 lbs. 

i Atf the area of the end is 4072 sq. ins., the boiler w'ould bear a pressure of more thou ; 
' 200 lbs. per square inch, before parting lengthwise. lndci‘d, it w*Ul be found that , 
: when unifo rm thin material is employed, a cylindrical vessc'l subjected to internal 
\ fluid-prcslure is almost exactly twice as strong lengthwise ns it is circumferentially. J 
When the thickness is considerable, this proportion docs not hold good. For instance:— | 
Let r = radius, t = Uuckness, a = cohesive strength of 1 square inch of casing, 
p pressure to burst at circumference, and P = pressure to divide the casing lengthwise. 

• - j»r = .*./>=-p- 

When t is small compared with r, the sectional area of casing is nearly 2 w rf; and ns 
w }*' = area of end, 

w 1*5 P =2 ir .*. P = 2 = 2/>. 

r 

Tt is a,singular fact that many metals, when drawn into wire, become stronger in 
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respect of tensive strain. This may probably be owing to tbe wire>dtawing process 
causing tlic particles to arrange themselves in continuous 
fibres. From numerous experiments made on iron wire 
leas than ^ inch in diameter, it appears tliat the strength of 
wire is about one>fourth or per cent greater than that of 
iron bar; so that while the cohesive strength of ‘n'rought* 
iron bars may be taken at 8 tons per square inch of 
sectional area, that of imn wire may Ims taken at 10 tons; 
or taking bar at tons per ^circular inch, wire will have 
a strength of 8 tons per circular inch. 

The following are the rules for computing the strengths 
of licrnpen ropes and chains. Tlic dimensions of the ropes 
lire stated in terms of girth or circumference, and those of 
the chains in terms of the diameters of tlic metal consti¬ 
tuting the links. Thus the chain which hiu a diameter 
of 3 inch at A (Fig. (iO) is called a j-inch chain. 

We have formed the rules so as to compute the strains 
nt n lower rate than they arc generally stated. It may be 
true that a new ehain or roiK* w’ill bc'sr a much greater 
strain than that whii^Pre have allowed to it; but the chain 
loses strength by use—not so much from w'ear as from the 
])articles of iion assuming a ciystallinc instead of a 
fibrous texture; and the rope loses strength by wear ns well 
iis by the grraduol decay of its fibres. It is preferable, therefore, to err rather on tho 
Kafe side, espcK^ially w'hcn it is considered that great damage may often result from tho 
bri'nking of a chain or rope, and, what is still more carefully to be guarded against, 
serious injury to life and iirah. 

1. To find the diameter of a chain to carry a given weight. 

Jtnle. —Multii>ly the weight (tuns) to be carried by 30; the product will be the square 
of tho diameU'r of tlie chain reckoned in IGths of an inch. 

Exnmple .—Required the diameter of a chain to cony 10 tons. 10 X 30 = 300, 
which is near 324, the square of 18 ; therefore the diameter of the chain must be } d inch, 
or 1 i inch. 

2 To find the weight which a chain of given diameter will carry. 

Rule .—Divide the square of the diameter (reckoned in ISths of an inch) by 30; the 
quotient w'ill bo tho number of tons carried. 

Example. —Required the strength of an inch chain: 1 inch is } 2 of an inch, and 
16 X 1 = 256 ; dividing by 30 we have about 8| tons. 

3. To find the circumference of a rope to carry a given weight. 

EiUe .—Multiply the weight (tons) by 11; the product will be the square of the cir- 
cumfurenoo in inches. 

Exwnple .—Required tho size of a rope to carry 18 tons: 18 x H = 188, which is 
near 196 the square of 14 inches, the circumference required. 

4. To find the weight which a given rope wiU carry. 

EtAe —Divide the square of the circumfiercnco in inches by 11; the quotient will bo 
tho weight carried in tons. 

Example .—Required tho strength of a 4-inch rope: 4X4=18, and 16 divided 
by 11 gives 1| tons. 
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2. flati^patMalttn.—The strength of luatorisls to resist compressive strains, appears 
to depemd chiefly upon some forces among their particles acting in the opposite direc¬ 
tion to ooihesire attrac'tiun. Indeed, the particles of every solid body appear to bo 
ranged in ouch positions with respect to one another, and so balanced by cohesive attrac¬ 
tion keeping them together on the one side, and by some repulsion resisting theu* 
nearer i^proach on the other, that considerable force is generally rc<]iured to alt4‘i 
their relative positions. The intensity with which these forces act in any body appear.-* 
to be measured by their hardness or strength to resist external forces. But while 
cohesiTe attraction seems to folloa' a simple and regular law in any material—the amuuiit 
of attraction or the strength to resist a tensive strain being pro{K)rtioiiuI to the seetiuiiul 
I area, or, in other words, to the number^of particles upon which the attraction is exerted — 
experiments have as yet shown no very regular law as to strength of iiiuteriuls to resbi 
compression. Fortunately, in practice, the other strains to which materiids are subjecti>i! 
are genorally so much more likely to affect them than more ctimpressive strain, Uia* 
when we make the parts of our work sufficiently strong to resist the foniicr, we nif 
tolerably safe in rcspei-t of the latter. 

Some valuable experiments have been made uikiu tlie strengths of building mntcriah 
—wood and iron—to n-sist compression ; and attempts to deduce laws from tlu-se e.xjien- 

iiy snti.sfu(-:«>n 
on our present 
t ad tliuu assidt 

the practical mechanic. 

If wc 8Ui>pose that a inbical piece of any material (Fig. 61) is load« d by a certain 

weight wliich it is just able to bear witlnnii 
being crushed, we may readily itnugino th.at a 
number of sitcb cubes—say nine, fur instuiue— 
w'ould bear nine times the weight whieh lb<- one 
bears; and if tliese cubes wi-re urrungt-d * itbei 
in a row (Fig. 55) at intervab, or t b>se togclbet. 
or in a .««]uare, they should still all together bent 
nine times the weight that one of them can 
bear. When the material we deal with is oi 
umfomi ccmsistcncy, wc arc th<'reforc warranUtl 
in reckoning that its strength to resist I'oni- 
pression, precisely as that to resist tension, i- 
proportional to the area over w'hich the com¬ 
pressive force is spread. Thus, a block of .stone 
' 4 feet long and ^ feet broad, should be able to sustain six times the compn'ssing forc<‘ 
, which a block 2 feet long and 1 foot broad can sustain; because 4 x 3 = 12, the area 
of the one, is six times 2x1 = 2* Ihc area of the other. 

But if we emdeavour to trace the practical effect of cru.shing any material, wc shall 
it diflbsult to establish the truth of tltis simple law, without making great allow- 
• anccs-lbr irregularities in the consistency of the material and in the application of the 
I ccmtprcssivc force. Some materials of a soft consistence, such as elay or lead, cm being 
i subjected to vertical compression, merely spread out sideways. Thus, a piece of lend 
compressed bj' a heavy' weight bulges in width, and thickness, to the form marked liy 
the dotted lines (Fig. 62). Other materials of a fibrous texture, such as w'uod, become 
splintered by compression, owing to some of the fibres being driven or wedged into the 
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meats have not been wanting. We are not aware, howevi-r, that u 
results have attended those ellurts; and wo fear that any rules Jkded 
scanty information in rosiiect of this subject, would tend rather mU 
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iatonticos between others, and thus bunting them asunder. Hard and bti^e mate- 
rials, such as cast-iron, glass, stones, or bricks, are riven and splintered in most irregtilar 
and unexpected ways, some portions being actually 
pulverized in the process, or cracking away and 
occasionally flying off with considerable force drom 
the rest. 

These results, however, occur when the com¬ 
pressive strain is carried beyond what the material 
is capable of sustaining without disintegration; for 
nil practical purposes, where wo make the strength 
mon.* than adeqmitc to meet tlic load, we may very 
safely follow the simple law, and reckon the 
strength to be very nearly as the area of section 
at tlie weakest part. This, however, only holds 
good when we pay no regard to tljc height of *''**?• 

the mass prt'ssed upon. As we incroaso the height we must increaso the strength, ' 
for several reasons, which we shall endeavour to illustrate. Suppose W'C take a cylin¬ 
drical picc(' of cast-iron one inch in diameter and six inches high, and placing it 
upright, load it on ^c end until it w'ill bear no more. As we place more and more 
weight upon it, the particles become ptt'ssod closer and closer together, and the mass 
yu'ldA or subsides a little in the direction of its length. After being oomprossed to a 
certain )'xtent, the particles cannot get into closer contact; but some of them must 
insinuate or wedge thcmsfdvcs into the interstices bctwt*cn others, and thus the mass 
will tend to bulge sideways; or, being of a hard unpliablc consistency, the aides will i 
become fractured, and burst away. The mass thus 'weakened wUl finally all crumble 
under the pivssure. Now let us take a cylindrical piece of the same material and of : 
the fcinic diameter; but, instead of being six inches high, let it be merely a thin disc ' 
onc-cigbth or ono-sixteenth of an inch thick. Here, although the area of section 
pressed upon be the same ns before, yet the height being so much less, the number of ^ 
particles that can be forued to one side or the other is much less, the n'umber of inter¬ 
stices to receive pressed pniliclcs is less, the amount of bulging 
is diininislicd, and the 'U'hnle resistance is enormously greater. 

As nn example of tho effect of increased height in diminishing 
strength to resist vertical pressure, wo may quote some ex¬ 
periments made on pieces of cast-iron, all having square bases 
a quarU'r of on inch each way, and various heights; whence 
it appears that os tho height was increased, the strength to 
resist compression was diminished, so much that tho force to 
crush the piece J|- inch or 1 inch high was little more than two-thirds of that required ! 
to crush the piece | inch high. • 

Farther, when the height is considcrablo, as in tho case of columns, a alight want of 
uniformity in the material, or a alight want of equality in the distribution of the load, 
will cause one sido to be afiected more than the other, and thus produce flexure in the 
case of pliablo matoriala, such as wood or wrought-iron, or oblique separation in the 
ease of stone. An exteeme load pressing on a column just tottering on the verge of i 
ruin will certainly find out the weakest place, and there begin tho demolition; and i 
having once begun it, will very rapidly complete it. Thus a knot in a wooden post, or , 
a vein in a marble pillar, may become important elements in determining the mode of I 

MECHANICAL PHILOSOPHY.-No. IX. 


Heiaht. Cniithing force, 
in. lbs. I 

2 9006 : 

1 88i5 

2 8362 

; 6430 

2 6321 
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tlieir fkaeture, end the amount of eompreasion required to effect it. It appoan from 
■ome experimenta made with wooden columne, that when tho height ia more than 
eight timea tho diameter, there ia conaiderafale rtak of tho column landing under an 
oxceaaiTe load. With timber of uniform atrength, and a load wcll*balanccd upon the 
column, when ita height doca not exceed thia proportion, tho wood will generally 
aplinter under a crushing force. In columns of stone or brickwork destined to auatain 
a heavy load, the ratio of height to diameter may be incitaood eonaiderably above that 
of eight timea, without tho danger of their breaking by a sloping fracture. In such 
cases, however, the eye seems instinctively to judge' of proportion, for a very tall 
slender column conveys a notion of instability, and is consequently wanting in that 
grace which depends mainly on the fitneaa of the object fur tho work it has to 
perform. 

Cast-iron is found to he capable of aupportang a very considerable vertical load with¬ 
out flexure or crushing; and columns of this material ore therefore with safety made of 
tall and slender proportions. Even here, however, there is a limit Inyond which the 
eye beoomea dissatiaficd; and accordingly, when the column is required to lie of con- 
sidmable height, it ia generally made of greater diameter, the inside being hollowed out 
to save weight and material, without sensibly affecting the strength. \S'herc, from 
inequalities of the load, there is any risk of uncH^ual pressure on the summit of a cast- 
iron column, and of consequent tendency to bend, the material usM in constructing the 
column is much more advantageously applied in the shell of a hollow erdumn, or in the 
ribs of one the acetion of which is a cross, than in one solid. Wo only advert to this 
now, as we shall have an opportunity of recurring to it when wo discuss the question of 
transverse strain. 

Some very valnable experiments have been made upon the crushing of building 
tnntoriftlit, guch OS stuncs and bricks. The compressive forces in m«>st of them have been 
I applied to cubical piecea of 1 inch or 2 inches. In some where the pieces had a sqimre 
j him 1 inch broad and a height of 2 inches, tho force required to thrush has been found 
! Inas than two-thirds of that required for the pieces only 1 inch in height. The increa.He 
I of height, therefore, considerably diminishes the strcngUi to resist compressive force, 
j In connection with this subject it may be interesting to inquire how liigh a brick 


, building might be carried without becoming crushed by its own weight. Wo nuiy 
I suppose a massive brick pier or column divided into numerous separate columns each 
I inch square in section, and each supported along its whole height by those around 
I it, against lateral pressure or flexure. The lowest part of each of those columns 
{ would thus have to support the verti(»l weight of all the column it; and if that 

! weight exceeded tho load required to crush a brick cube of inch, the lowest part of 
! the column would of course give way. Now it lias been found by experiment that the 
! load necessary to crush a inch cube of brick, varies from 1200 lbs. up to 3000 lbs., 
j according to different qualities of the brick. It would perhaps he safest to take the 
; lower number, 1200 lbs. Tlie weight of 1 foot of brickwork having a 1| inch square 
I base, is aliout 2 lbs.; therefore it would require a height of 000 feet to crush the base, 
j Am architect wiihing to secure tho permanence of his building, would certainly not 
, venture to raise it one-third of this height without having recourse to the ordinary 
j expedient of spreading the base or foundation by extensive footings, so as to diffuse the 
j crushing pressure over a much, larger surface of material. 


Table V. contains tho average results of experiments mode on the resistance of 


various materials to crushing force. Wo would, hourever, caution the mechanic against 
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platnng too much ruliance on these results, as we think the number of experiments 
made scarcely warrant their establishment as practical data. 

Table V .—MesiaUuff Potcer of Matcriah to Cruthittff Force, 

Name of mutcrial. IHinenvion of cubical piece. Cruabinfr pcemaro. 


Elm .... 



1 inch 


s 

1300 lbs. 

American pine 





« 

1600 „ 

White deal 






1900 „ 

English oak . 



7? 



3800 „ 

African oak 






.'JOOO „ 

Chalk .... 



1;^ inch 



1100 „ 

Suft brick 






1200 „ 

lied brick 






1800 „ 

Hard-burnt brick . 






3000 „ 

Fire-brick 






3800 „ 

firindstune grit 






8000 „ 

J*ortland stone 



•1 



10300 „ 

York paving 






12800 „ 

White marble 



• s 



13600 „ 

Cornish granite 






14300 „ 

Compact lim(>stonu 






17300 „ 

Feterhead granite (rinl) 






18600 „ 

I’lirbeek granite (red) 



99 



20600 „ 

Hard freestone 






21200 „ 

White Indian marble 



•9 



21800 „ 

Aberdeen granite (blue) 






24500 „ 

< ‘ast lead 



■; iiieh 



480 „ 

< '.nst liu ... 



•> 



960 „ 

Wiought t<»pi»cr . 






6400 

Cast eo]q>ur 



• « 



7300 „ 

Wruugbt iron 



• 



8000 

Brass .... 



If 



10000 „ 

Cast iron 



■ • 



1(»000 „ 


3. TaruMwene Stxain. —Thu elfuct of a load on the end of a beam projecting 
from a wall, or on the middle of a beam supported at both ends, is to throw a transverse 
.strain on the beam; and if the load be excessive, to break the beam trausvcrsoly, or 
across its fibres. Of all questions respeeting the strffiigth of materials, this is certainly 
the most important. In arehiteetural strueturos, the stability of roofs, Hoors, and walls 
supported on beams or girders; iu civil engiueeting, the safety of girder-bridges and 
mils; ill mechanical cngini'cring, the stix'iigth of lieains, levers, framing, and the 
like,—all depend mainly upon the correct solution of questions relating to transverse 
strain. It is to this branch of the subject, tliujvfurc, that the consideration of engineers 
has been chiefly directed; and a vast number «of experiments bai e been made u'it^ a 
view to Bsoortuin practical data from which the trausvu^e strength of all useful materials 
may bo colcidatcd. 

The theoretical investigation of transverse strain is by no means a didlcult one; but 
the application of data in computation involves some verj’ compliuatcd questions, which 
the practical mechanic generally solves more by the eye, as he sees proportions in his 








FFFBCTM OF TIUX8TEIISF STRAIN*. 


27r> 

drawing or model, than by any von* accurate calculation. Such a mode of meeting the 
difficiilty implies exi>eriencc and observation; and without these we fear no amotmt of 
theoretical knowledgts and no expertness in calculation, will enable one to decide on the 
•trength of his structiuv. In machinery especially, the strains to whi<‘h parts may bti 
subjected are so various in magnitude, owing to their respective movements, and the 
local qualities of materials ditfer so gn^atly, tliat the mere calculated strain and strength 
offer very little aid in guiding to the mc^t suitable pnqiortions. When the nrehiU'Ct 
determines on the dimensions of an iron girder destined to carry a hea^*y wall, he con 
calculate with tolerable precision the weight t<» be supported and the strength of girder 
re<iuired to carry it without danger. The ginU-f is plaei'd, the wall is built, and twenty 
years after the load is the same, and the strength of the girder but little diminished. ; 

But when tlic meehanie makes a pattern of a beam for a steam-engine, although ! 
he may readily calculate the strain which the pressure of steam on the piston throw> | 
up>n the beam while the (>uginc works steadily, he has little notion of the sudden , 
though transient strain u-hich may i>e thrown upon it by tht* sudden stoppage of aonu- 
pan. of the machinery, or the oteum'nee of some slight obstacle to the movement. 1( j 
not uufreqncntly occurs that a little water in tlie evlinder of a stt-am-engine, causes tie- 
fractiiro of some of the strongest parts. The nmchineiy being all in motion, the piston 
descends upon a film of water whi»-h ha.s no ready means of escape, and which bein;r 
almost totally ini-ompressible, offei-s a.s determined an obstacle ns solid iron would dn. ' 
In such a ease, the momentum of all the moving parts must Ite suddenly destro\ ed; sonn- | 
of the beams, rods, or levers, through which the piston is eonnect<‘d M'ith the rest of ihi- 
engine, must give way; or the cylinder itself, which holds the water, miist yield to th>' ' 
strain, and break under it. That m'c may form some idea of what dumstge such a strain 
as we have diiscribed may effect, we have only to reckon that in a large steam-engitv I 
■ there are 15 or 20 tons of iron, moving probably ot an average velocity of 100 feet pn 
minute, to be suddenly arrested. In ile.stroying the momentum, n.4 much force i.s exp<>nded 
I as would lie measured by the blow of a G8 lb. cannon-ball striking its mark at a ver%' near 
' range. Nor do thest* sudden and unexpt'cted strains constitute the only difficulty und*. r 
which the meehanie labours when he corapiites the strength of his work. He cannot 
always depend upon the internal soundness of the material with which he deals. Cost- j 
iron is especially treacherous in this respect; and oBen it hnp]»enB that a casting, exter- i 
nally sound, has some sponginess or air-bubbles under the skin, which are diseovereil 
! only in the event of fracture. It is, therefore, his business not only to contrive dovice.'i 
] for regulating the movements of his machinery, and for affording ndief in east's of undue 
: pressure, and to use every precaution against unsoundness in his materials; hut also to 
provide such strength as shall meet the contingencies which a slight derangement 
‘ may frequently bring about. It may be asked then, why, if the mechanic has to apply 
i such excess of strength to meet contingencies, he should take any trouble in calculating 
I nr ascertaining practical data from which he may computer The answer is plain. 
While he makes every part strong to enp^ss, yet ho has to maintain a proportionate 
strength in all. To make one part of a beam strong enough to sustain ten timet its 
<4^al strain might be very proper; but to make another part of it capable of sustaining 
twenty times its load would be absurd, for then either the weaker port is only half as 
strong as it should be, or the stronger is twice as strong as required. The mechanic, 
then, must have a clear conception of how strains affect materials of different forms, and 
how far the change of one dimension or another may affect the strength, before ho can 
Tcntorc to design nr execute a machine justly proportioned in all its parts, and sufficiently 
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Ktrong throughout to meet the contingencies of its action, without undue waste of 
material and labour in its construction. 

The most simple caso of transverse strain is that to which a beam prelecting from a 
wall is subjected when a weight is suspended from its outer end. It is clear that the 
iougor tlic beam, the greater the strain; and that if the beam give way anywhere, pre- 
Muning it to be of uniform strength throughout, it will be at a point close to the wall 
I where it is fixed, because at that point th(‘ weight acts with the greatest leverage. On 
i tracing the breaking effect of the weight, we see that in bringing the end of the beam 
' down to the position marked by the dotted lines, some action must take place awion g 
' the fibres of the material at A B, where the weight acts with greatest power. This 

I 

♦ 

» 



^ action must be that of tension among the upper fibres, and of compression among the 
lov'er ones; and there must be some point C in the beam where the extension and the 
compression of tin* fibres meet, and where there is neither of ^hesc actions. Such a 
^ punt marks the ])osition of w'hat is called the neutral axis; that is, a line extending 
along the beam horizontally, and separating that port of the material which is extended 
or tom asunder from tlmt part which is compressed or squeezed together. It is mani¬ 
fest that, once the tearing asimder of the fibre's commences, it must continue while the 
i load continues to act, because the number of fibres resisting it arc diminished, and those 
j that remain have tlicreforo more load to bear. 

What wo have to discover, however, is the strength of the beam while it is entire, 
or how much load W at a certain distance from the 'wall it will bear without the 
destruction of the fibres. Supposing a horizontal line C D drawn through the neutral 
! axis to form the long arm of a bent lover of which the fulcrum is C, one short arm C A, 
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and the otller C B, trc hare a certain power or weight W acting at tlic extremity of the 

long ann, and a niunber of re- 




zo 


B 

<- 

C E A 

t- X—X-- 

F 

r-x— 

- E. 

.. 

sistanccs, viz. tliose of the fibres 
to extension, at ting along the 
arm C A ; also a number of re¬ 

r 

% 

111 t 



•* 1 

1 

) 

ID . 10 10 



sistances, viz. those of the fibres 


. -2^->, 

AO 

1 

w i 

26 

to fxunpreaeion, acting along tlie 
arm 0 It. 


to •« 

** H 



Jtow, when on one arm of a . 



1 1 



lever a numlwr of etjual fon*es. 


K - - 

1 



etpudly distributetl ovt'r the anu, 



1 • 

1 1 



act against a given weight at the 
other end of the U^ver, the effeet 


-■fl 

«« 

I 

i ' 



t'f all these foret'S is the same a.- 


1 IJ 

« 

I j. 



if they were all ctdlerted into 


v.-*-_ 




one force at the middle {loirit ot ' 



z-ii" 

- 3 

— 

the ann on whiih they att (Fig. | 


64). This is true whetlier t}i« 
lover Ih,' strai^rht us 1, or heni 
with one anu as 2, nr Ih'IiI witli 
two ami-s as Ab a nunurioai 
example, let ii.h siippos*.' that the 
short arm of 1 is 4 feet Imi^', 
and at each f<M>t there haiif;; 1 
weights A, It, C, I>, eaeh <ii 
IDlbs., os luarkeil by the arrows; 
while the length of the other 
nrm is 5 feet. A weight of 20 lbs. 
hung to the longer timi balance'* 
the finir weights of 10 lbs. distri- 
I'ig. 04. butetl along the shorter, In'eau-ne 

A = 10 lbs. at 1 foot leverage is balanced by 2 llw. at o feet leverage. 

B = 10 lbs. at 2 feet ., ,, 4 „ 

C/ 10 lbs. at 3 fect ,, „ 6 ,, 

D =x 10 lbs. at 4 feet •, 8 ., 


Total A, B, C, D distributed . . .20 „ 

And 20 lljs. at 5 feet I<||rcragc would be balanced by 40 lbs. at 2^ feet; tliat is, the total 
j of the 4 weights A, B, C, D hung at theii- middle point, as marked by the dotted oirow. 

I The same law will be found true, whatever the number of eriually'distributed weights, 
and whether the lever be straight or bent. Applying tliis to the <iuc8tion of tlio beam 
Pig. 63, let E bo Uie middle point of A C, and F the middle of B C; then the load W • 
acting with leverage C D has to n'slst the united tensive strength of the fibres along 
C A acting at the leverage C E, and the united compressive strength of those along C B 
acting with the leverage C P. 'l^oso resistances will necessarily be equal.to one another, j 
because the neutral axi.s C is the fulcrum, on each side of which they equalise them¬ 
selves; and the tensive strength of C A, multiplied by its leverage C E, is therefore 
equal to the compressive stnmgth of C B multiplied by the leverage C F; or, os C A is 
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double of C £, and C B double of C F, and as doubles of equal tbings arc themselTcs equal, 
the tensive strengtli of C A multipliod bjr the length C A is equal to the compressive 
I strength of C B multiplied by the length C B; and each of those products is equal to 
' the weight W multiplied by its leverage 0 1), tho length of the beam, because each is 
! double of half tho effect of W to break the beam. 

To show how this reasoning may be applied numerically, lot us suppose that a beam , 
of oak 1 inch tliiuk and 6 inches deep, fixc'd in a wall so as to project 10 feet, is broken i 
by a load hung at tlie end; and that while in the act of brei^ng the neutral axis is 
observed to be 2 inches from the under side, and therefore 4 inchc's iiom the upper side 
of the beam, wo may, from knowing the tensive strength of oak, estimate the weight 
m(uired to break the beam. Taking this tensive force per square inch (or force rC' ' 
qHired to tear asunder a square inch) at 12,000 lbs., wc have in the case before us | 
4 square inches having a tensive force of 4 X 12,000 =z 4H,000 lbs. acting with leverage | 
of 4 inches against leverage of 10 feet or 120 inches; and as 4 inches is the T(*oth of [ 
120 inches, the weight at D must be the ,th of 48,000, viz. 1600 lbs. i 

By such calculations as this w*c could compute the transverse strength of materials. ^ 
from knowing their tensive strength, provided we knew the position of the neutral axis [ 
of fracture. The determination of thi.s, however, is a point of very great difficulty; for j 
it must, in the first place, deptmd upon the relative pro]K(rti<»n8 of compressive and ten- ! 
81 ve strength ; and as we are much in tho dark as to the former, wc cannot institute a 
comparison iK'tween it and the latter. In the second place, no material to wliich we 
can apply tronsv erse strain resists completely, and then instantaneously gives way. While , 
we a<ld weight after weight, the extension of fibres at one side and the compression of ; 
those at the other goes on; the Iwam bends or becomes deflected; greater and greater ' 
strain is thrown on tho outer fibres; the tensive and compressive strength of each varies ; 
as it is more and more extended or compressed; the neutral axis changes its position ; 
fibre.s, which M'cre during port <if the piwcss eompit'ssed, begin to be extended; and tho 
condition of the mat 4 'riid at and near the point of fracture becomes gcnci^y so altered j 
as it n]iproaehes destruction, that m-c cannot clearly estimate its resistance, even if we , 
were possessed of the most accuraW knowledge of its strength to resist compression or ' 
cxt<‘nsiun. Owing to these circumstanct's, it becomes nccosaarj’ to moke distinct expen- j 
iiienth on tlic transverse strength of bodies, and by means of them to establish certain j 
data « hich we may apply in caleulation. But while experiment and observation furnish j 
the data or facts on whieffi to calculate, vc must still trust to reasoning for our methods | 
of iipplving these facts, and fortunately the reasoning is of a simple charaeter. i 

As to the neutral axis of fracture, without requiring to determine its position in any [ 
heain. wo assume tliat, for beams of the same material, its distance from the upper or 
lower sides is proportional to the depth of tho beam. Thus, if in a beam of ash 6 inches j 
deep, it is 2 inches from the lower side and 4 inches from tho upper; in a beam of aslx * 
12 inches deep it will be 4 inches from the lower and 8 inches from the upper side; in ; 
one of 1 inch deep, it will bo j^rd of an inch from the lower and ^rds of on inch from 
the upper; and so on in regular proportion. We can see no reason why this should not ^ 
bo the COSO; and , so for as wc con trace tho circumstances whidi determine the position . 
of the neutral axis, wo see every reason for believing that it is so. This assumption i 
greatly simplifies tho rest of our reasoning; for it enables us to get rid of all calcination , 
as to the actual position of tho neutral axis, and to proceed with the comparison of j 
; beams as to transverse strength independently of it. We will suppose that wc have j 
i three beams of the same material, all of equal lengths and breadths, but of the following I 
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depth!: \ depth 2 inches, B depth 4 inches, C depth 6 inches, and that we desire to 
(‘ompare their transTorse strengths, l^et us assume, for the sake of simplicity, that the 
neutral axis is midway in the depth; then in A we have above the neutral axis a set of 
fibres extending over 1 inch in depth, and acting with a leverage of 1 inch to resist the 
breaking load. In B wr have fibres extending over 2 inches, and therefore double the 
number of those acting in A, acting with 2 inches leverage double the leverage of 
those in A. It'c see, then, that the strength of B roust be taricc 2, that is 4 times the 
strength of A. Again, in C we have 3 inches depth of fibna and a leverage of 3 inches; 
therefore C has a strength of 3 times 3, or 9 times that of A. And so with ony other 
depths, the strength being always as the depth multiplied by itself, or as the square of 
the depth. If we had assumed the neutral axis to bo in any other position, such as ,|rd 
of the depth from the lower side, we should still have found the same lau’ to obtain; for 
so long as the beams we arc considering are of the same material and of similar form, the 
neutral axis must proportionally divide their depth, and leave proportional numlters of 
fibres to act with leverage proportional also to the depth. 

We, therefore, have estaUiahed the simple laa'. that in bc>ams of the s.-mie foim, 
length, breadth, and material, the transverse strengths are as the squares of the dej>lli8; 
and knowing the strength of a beam 1 inch deep, we can estimate the stn'ngth iliic to 
any other depth by multiplying that of the l*ineh lioam twice by tlu* depth of the otln-r 
in inches; that is, by the square of the d«-pth. 

Example.—kn iron beam I inch deep breaks with a load i»f 2 tons * reqtiin’d the load 
1 that will break a similar Iwam 4 inches deej). The square of 4 is U), and 2X1^ = 

! tons, or 2 tons X 4 X ^ = 32 tons. 

! Now, let us ascertain wbat relation the transverse strengths of beams Iwnr to tJn'ir 
breadths. Suppose that a beam 1 inch broad e.'irried a load of 1 ton, then another 
exactlv like it will also carrv 1 ton, a third will ol8»> carry 1 ton ; and the throt' ]>Iai'«*d 
tide by side or united into one beam 3 inches will of course carry 3 tons. Iteani-s, 

then, of a certain material of equal lengths and depths, have transve-rse strengths which 
' arc proportional to their breadths; and if we known the strength of a lieain 1 inch 
* broad, we compute that of a beam ha^nng any other breadth, by multiplying the strength 

■ due to 1 inch of breadth by the number of inches in the given breadth. 

Example. — A fir beam I inch broad carries 10 cwt.; re<iuircd the load carried hy a 
fir beam 6 inches broad of like length and depth. 10 cwt. X ^ cwt., tw 3 tons. 

; We may now combine the laws os to breadth and depth inb» one, and thus eoni]>ute 
the transverse strength of a beam as depending on both dimensions. This law is, 
that the transverse strengths of beams of tlie same material and similar in form, are as 

■ the breadths multiplied by the niuares of their dejiths; and if we know the strength of 
a beam 1 inch broad and 1 inch deep, we compute the strength of a beam having 
any other breadth and depth by multiplying the strength of the 1-inth l>cam by the 
breadth in inches, and twice by the d«’pth in inches of the other. 

I Example. —Suppose a beam 1 inch broad and 1 inch deep bears 6 cwt.: required 

the strength of a beam 4 inches broad and 6 inches deep. 

6 cwt. X 4 ins. X 6 X 6 = 720 cwt. or 36 tons. 

"The strength of a beam is irrespective of its length; but the actual weight which it 
pan carry depends upon the length, inasmuch as the leverage with which the weight 
; acts, BO as to fracture the beam, is greater, the greater the length. A weight of 12 tons 
I hanging at the end of a beam 1 foot long, is exactly equii-lilpnt to a weight of 6 tons at 
I 2 lect distance, of 4 tons at 3 feet, of 8 tons at 4 feet, of 2 tons at 6 foot, of 1 ton at 12 
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feet, of at 24 fert, and so on,—^the ireig^t multiplied l>y its distance being always 
a constant quantity. If, then, wc know the load which a beam 1 foot long will cany 
at the end, wc estimate the weight earned at any other distance by dividing thid. 
carried at 1 foot by the distance in feet; and combining this element with those of 
bi-cadth and depth, we have the general rule embracing all the dimennons of a beam, to 
multiply the weight carried by a beam I inch broad, 1 indi deep, and 1 foot long, by the 
' breadth in inches, and twice by the depth in inches, and divide the product by the 
length in feet. 

Example .—A beam 1 inch square and 1 foot long, carries 5 cwt. at its end: required 
the load carru>d by a licam 4 inches broad, 6 inches deep, and 18 feet long. 

5 ~ ***" ^ tons. 

So far wc have discussed the strength of beams of square or rectangular sectiona, 
but similar reasoning will apply to those of otlicr forms. When the section is circular, 
the breadth being equal to the depth, wo have to multiply the strength of a cylindrical 
beam 1 inch diameter and 1 foot long, three times by the diameter in inches, and divide 
by the lengtli in fi*ct. 

Exnmpfc. —A eylindrical beam 1 inch diameter and 1 f«»t long, bears 3 cwt., 
required the load siipjwrtcd by a cvHndrieal beam 4 inches diameter and 8 feet long. 

3c,t. X 4X4X4^,,^, j 


When the section is of any other form, such as the sl»®pcd iron girder (Fig. 65), 
from our ignorance ns to the position of the neutral aris of 
fraetur(‘, we are at a loss how to reckon the effect of the fibres 
ni different parts of the section, and cannot therefore estimate 
the strength from any data obtained by experiments upon 
b<>anis of square or rectangular section. But if wo know the 
strength of a beam of certain dimensions, and of the form in 
qucstiim, we maj' pretty nearly estimate that of a beam of the 
same kind whose dimensions, ns to breadth and depth rcsx»cc- 
tively, are pniportionolly greater or less. For instance, to 
eomiiari' two shaped beams of which the dimensions are 
as follow:— 

No. 1.—A = 3 ins., R = 1 in., C = 4 ins., D = 1 in., 
length 10 feet, is found to liear 2 tons; required the strength 
of No. 2, when* A = 6 ins., B = 2 ins., C = C ins., D = 1^ in., rig- 

length 15 feet. 

c*.... ii. rv 1 - 3 ins. X 4 X 6 _ „ 

Strength of No. 1 is as -- = 1'8 

c* .^* 1 . r-v- o • 6 ins. X 6 X 6 

Strength of No. 2 is as -j.-= 14‘4. 

And by the simple proportion, 

strength Xo. 1. Htrcngth No. 2. Tons. Tons. 

4'8 14'4 2 : 6, load eorried by beam No. 2. 

In the absence, then, of sufficient knowledge of the effect of material at different 
parts of the section in contributing to strength, for every different form of section wo 
arc under the necessity of making such experiments os shall fix data for calculation, to 
be applied to cases where the section is similar, but the dimensions different. A number 
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of Bticb experiine&ts hare been tried from time to time, and attorapts have boon made I 
to settle, by thcorctiad reasoning ns well as by practioal tasults, tbu best form of sovtion | 
to be used; that is to say, the form a'hieh gives the greatest strength with the least ! 
material. Wc arc not aware, however, that for any mattfiial, the subject has been so i 
far inTostigated as to warrant us in laying down any absolute proportions; and the | 
form of section must therefore bo determined, in a great measure, by balancing a number ! 
of circumstances, and adopting such arrangements as shall combinu the results most j 
advantagt'ously. I 

lu a recent engineering work, a triumph of skill and petsevoranoo over diiBculticrt 
at first sight apparently insurmountable—wc mean the Britannia Tubular Bridge across . 
the Menai Straits—an enormous amount of preliminary investigation wa«< (^ondueted 
before the form and dimensions of the structure were finally determinc^d. Models wen- 
made of all convenient forms, and tested against each other: one was found too weak in 
one place, anoth« too weak in another place. Fresh models were made, with the wea): 
parts strengthened by additional maU'iiaU, and the moss of material in stnmg parts re¬ 
moved : the most suitable and conv<mient form was thus decided. A much larger mtMh-i 
wn» made and tested as to deflection and fracture; and after a large comparison of result, 
the actual dimensions and details of construction of the fuU-sized Btru(.'ture were deter¬ 
mined, and carried out with merited success. 

Hitherto we have referred only to the circumstanc^c of a beam projecting and loaded 
at one end. Thu, however, is by no means the most ordinary condition under wbii-h 
materials ore exposed to transverse strain. Beams arc usually supported at both ends, 
and carry their load in the middle. We have, therofitre, now to ascertain what relation 
exists beturecn the strength of such a beam and that of a b(‘am proji'cting and loudt-d at 
one end. If wc suppose a beam built into a w'uU and projecting eipially on iNith sides 
(Fig. 66), each end being loaded with an equal weight, it is clear that the wall siqiitorts 

double the weight sus- 
pc'uded at each end 
Now, if wc conceive the 
forcc-8 acting on such a 
beam inverted or titno-d 
upside down, we estuli- 
lish the conditions of a 
beam supporU>d at both ; 
ends, and loaded in the i 
middle (Fig. 67) with ' 
double the weight which > 
each of the end supports ' 
has to Iwar. Now, if, | 
in tho first cose, where i 
Fis. C®- the lieani projected both ‘ 

ways from the wall, each imd were loaded with the weight capable of breaking the , 
beam, that is up to its transverse strength; in the second ease, tho beam, which j 
is twice the length of each projecting arm of the first, may be loaded with double ! 
the weight which hung from each end of the first, and this weight will measure its I 
transverse strength. Wo, therefore, come to the conclusion that tho transveree strengtli . | 
of a beam, supported at both ends and loaded in the middle, is double that of a beam ! 
half the length at one end and loaded at the other. We have already Miown that if we t 
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double the length of a projecting beam, ire can load it with only half the weight; there¬ 
fore, if each pn^octing arm of the beam were made equal in length to the beam sup¬ 
ported at both ■ 

ends, the former _ 

would bear on- i | B ' I _ 

ly one-fourth | i _[_ 

of the weight i - j j|-- 

which the latter i | 

can bear. For ~l . ' 

equal lengths, ~ ^ 

therefore, the . FI 

strength of the ^ 

beam supported I'isr- 6'* 

at both ends and loaded in the middle, is just four times that of the beam fixed at one 
end and loaded at the other; or, conversely, the strcngUi of the beam projecting is only 
uTie-foiirth of that of the beam supported at both ends. Experiments upon transverse 
strain have been generally made upon beams supported on both ends; and tables of 
practical data founded on these experiments have been formed. Sfleh tables generally 
contain the transreiae strength of beams, having square and also circular sections one 
inch in diameter, and having a length of one foot between the supports, their load being 
supposed to be placed in the middle of their length. 'When tlic load is placed out of 
tile middle it may be inert'osed, because its leverage to break the beam is diminished the 
farther it is from the middle iioint. 

The mo<lu of reckoning tliis diminution of strain may be best illustrated by an 
example. Suppose we found that a beam 10 feet long boro 42 cwt. at its middle point, 
and desired to oseertain how much it would bear suspended 2 fovt from the middle—that 

** .-7" —.» - 3 - " is, 7 feet from one end and 3 feet fitim the other (Fig. 

J i 08)—we should proceed as folloivs:—Square half the 

length of the beam, or multiply 5 by itself, giinug 26, 
j and this by 42 i-wt., the load sustained at the middle, 

< product lUoU; now* multiply 7 by 3 (the two portions 

1 *'■ into which the bt^am is divided), product 2I,jind dmilc 

the former product 1050 by this, giving a quotient 50 cwt., the load which the beam 
would carry 2 feet from the rentit*. 

The simple principle' of this computation is, that the load hung from any point of a 
beam is to the load which may bo hung . 

from any other, os the product of tlic i -, 

two lengths into which the second point : i-x - • —< > ^ i-s-i 

divides the beam is to the product of the A B c D E f j 

two lengths into w'hich tlic first point di- t i , i ' j 

vides it. Thus, in the case we have given i I 'I v v 'I' v 

above, know'ing that the beam bears 42 ; : ** 

ew't. at the middle, or w*hen it is divided j-—'- so 

into two lengths each 5 feet, wo say j — i - 

7 X 3 = 21 : 5 X 5 = 25 :: 42 : 50. 

It frequently hapjicns that beams have Fig. C 9 . 

to bear a load not hung at any one point, 

but distributed uuiiunoly over their length; as in the case of roofs, floors, and girder- 
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bridge*. Here it may bo readily seen that the strain is only half that which it would 
be if die whole load a'crc coUuctod at the middle. If we suppose a beam projecting 6 
feet £rom a wall, loaded at intorrals of a foot by weights cat^ 10 cwt. (Fig. 60), then, 
by the principle of the lever, the effect of each of the weights to break the boom at A 
may be reckoned as follows:— 


B = 10 cwt. acting at 1 foot from A bos the effect of 10 cwt. at 1 fix>t leverage. 

C= 10 


„ 2 


20 

ft 

1 

D= 10 


M 3 


30 


1 

E= 10 


4 

•» 

40 

• « 

1 

F= 10 

*7 

M 5 

14 

50 

f « 

1 


I Total SO cwt. distributed equally. loO cwt. at 1 foot leverage. I 

Or, as 150 cwt. at 1 foot leverage are equivalent to 50 cwt. at 3 feet, wo find that the ' 
I total strain is the same as if the total u eight were collected at D, the middle ]M)inf. 

! Were we to assume a greater number of weights at smaller intctvaU, we should still find . 
I the same result; and the more numerous the weights and smaller the intervals we assume, 

‘ the more nearly do we approach to the cose of a beam uniformly loaded over its u htde 
! length; whence w^conclude that the effect of the distributed load is the same ns if it 
! were collected at the middle of the beam, and therefore just half of what it would lx- if 
I iiung at the cud. Ur conrcrselr, if the beam bi-ars a certain li>ad at its extreme end. 



Fig. 70. 


it will bear double that 
woitrht distributed over iti 
whole length. The Mme 
law applies in the cn-M* of 
a beam supporte<l at both 
ends and loadc'd uniformly 
throughout its length ; the 
strain of the load i.s rt‘- 
diu'ed to half what it would 
be if coll<‘cUHi at tlie cen¬ 
tre ; or tlic btum will !»enr 
twice os much distributed 
weight as it can hear at its 
middle point. 

When a beam is not 
merely supported at each 
end, but fixed firmly there, 
its strength is increased by 
one-half. It would appear 
nt first sight, that by fix¬ 
ing the ends of a beam wc 
should double its strength, 
for the following rcastms: 
when the beam is merely 
8U]i])ortud, an extreme load 
in the middle has only to 
effect one fracture at A 


(Fig. 70), the two ends B and C being free to rise. But when the ends are fixed, the 





EFFECT OF TE>’8ION AND COMPRESSION. 


285 


load has not only to break the beam at the middle point D, but alao at E and F; and to 
do this it must ^ double what it would tio if the ends were free, as may be rcry simply 
computed thus. Suppose, in tho first case, it required 12 cwt. to effect the single fiac- 
turc at A, then in tho sceond it would require Ukewise 12 cwt. in tho middle to effecit 
tho fracture at D, and 6 cwt. in tho middle to effect each of tho fractures at £ and F; 
making a total of 24 cwt. in tho ease of tho beam with fixed ends. 

Many wrifrrs hare taken this view, neglecting a circumstance which must in such 
eases occur, and which greatly modifies tho distribution of strain on the middle and end. 
A single glanco at tho fig\irc shows that the amount of tension and compression on the 
fibr(‘s at the middle firactiuo miut I>e double that at either of the end fractures; and 
hcr.co each half of the weight required to produce either of the end fractures, or the 
tutal weight due to the middle fracture, must be 4 times cither of those due to the end 
fractures. If then we supposed tho total breaking-weight divided into 6 equal parts, 4 
of those parts would act to break the beam in the middle, and 2 to break it at tho ends. 
But tlic 4 parts required to effect the middle t'racturc must make up the breaking-weight 
«lu<; to a lieam merely supportiKl without being fixed at the ends; and tho other 2 parts— 
tiiut is. half as much more—make up the additional weight required w'hen tiie ends are 
fKcd. Taking the numerical example as before, if it required 12 cwt. to effect the single 
fi ai tun* at .V, it would require as much to break the beam at D, and one-fourth, or 3 cwt., 
to ))r(‘ak it at each of the points £ and F, making a total of 18 cwt., which is the sum of 
12 and 6, tlie ordinary breaking-weight increased by its half. 

Ah thi.H principle of computation accords better with experiment than the former, it 
is important that its domnnstmtion should be clear, inasmueli as numerous theorists 
hav(> adhered to th(' principle, that by fixing the ends of a beam its strong^ is doubled. 
According to them, the circumstances correspond with those of a beam (Fig. 71) resting 
on supports A and 11, and projecting each way one half of its length beyond. A load 

of 1 at each ••nd,_ A_ O _B_ 

ba1nn<H'd bv tu'o 

• 1 1 
loaiU, each 1, in A | j A 

the middle, throws >j 
a breaking strain of ^ 8 2 ^ 

2 upon the beam at 2 

each prop; and an ^ B 

ailditional load of 

2 in the middle will 

measure the break- 

ing strain there, so 

•Jiat the total mid- ^ 1 

die load is 4, or • ^ 

double the ordinary Fitr.tl- 

Im'aking strain. This is no doubt true, Imjcousc if wo suppose the fracture effected, the 
amount of compression and extension of the fibres at each of tho points A, C, and B is 
the same; and therefore each fracture requires the same load to effect it. But in the 
case of the beam with ends not balanced but fixed, as wo have already explained, the 
end fractures demand only half tho amoimt of extension and compression due to the 
middle fracture. 

When a load acts on a beam not perpendicularly or square to its length, but at some 
other angle, it throws less strain upon it, because the actual leverage of the weight is not 
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the hhigUi of tho beam as measured from A to B (Fig. 72), but tlie length of a li ne 
measured from A to C pcriiendirularly to the vortioal line in which the weight acts. 

So whmi a beam is supported at both ends, 
B but lies obliquely, the transverse strength is 

__ to be reckoned as that due t<» a beam of the 

_* length indicated by the horisontal line D £ 

(Fig. 73) measured butwoen the supports. 
iQ Ilitherto, for the sake of simplicity, we 
I have discussed the qTicstion of transverse 
■ ^ strain as applied to materials perfectly in« 

j—'—li— flexible, such as break but caimot bond. W'o 

I-^— have, however, no practical exiicricnoc of 

———-—~ materials of this charaetcr, although stones, 

slates, or even cast-iron, approach verj- 
nearly to it. Timber beams, and those made of wrought-irou,-bend considerably iM'furu 
they become fractured ^ 

by tranarersc strain; \ 

and as in such beams ^'' 

deflection from their 

straight oi- harisontal '- 

condition may be in- - 

convenient and unsuit* -- 

able, it becomes im- i —- 

portant to estimate tho ' . ... ^- 

amount of deflection ' —r - 

which they will exhibit i 

under certain loads, so i • __ ~i ~ 

that they be made * 

slightly curved in the ”*■ 

opposite direction before the load is placed upon them. If it u'ore found, fur instance, that 
a beam loaded with a certain weight deflected so far from tho straight line that its 
middle point K (Fig. 74) sunk a certain distance—say C inches—below the horizuntal 
line; then if the beam, instead of In'ing inad(' straight, were made 8«)mcwhat arclied, or 
enmhered^ as it is technically called, the load iK'ing placed upon it would still deflect it, 
and thus bring its surface to a horizontal line, if the camber or amount of arching C 1) 
were properly estimated. 

The complete investigation of the question of deflection would involve us in matiic- 
maticol reasoning of rather a complex cliaractcr, which would scarcely be in place hen-; 
and, indctvl, practical results as to deflection prc'sent so many irregularities, and so 
many deviations from any apparent law, that it is questionable whether theory would 
prove a very safe guide. Some writers on tliis subject have determined theoretically, 
that the amount deflection of a beam of certain lengtii increases in tho some propor¬ 
tion os the load, and that tho deflection under a certain weight varies as tho square of 
the length. If this law were true, a beam 20 feet bung with a certain weight on it 
would be deflected ibur times as far as one 10 frict long, l>ocause tho one has twice the 
length of the other, and the square of 2, or 2 midtiplicd into itself, is 4. This lau', hoM'- 
uver, has not by any means b^n found to l>e true in procticM!. Mure accurate iovesti- | 
gators have furnished a law which, while it appears to be theoretically correct, presents ' 






.LAW OF PEFLBCnOBr. 


287 



results Tery noatly according vith those of eiqterinient. Thislaw is, that the deflection 
of a beam (having a rectangular section) varies directly as the weight and as the cube 
of the length (or the length multipliod 3 times into its^), and inversely as the breadth 
and the cube of the depth. 

If, then, we knewthc de¬ 
flection of a certain beam, 
wo might estimate that of 
another of the same ma¬ 
terial, but varying in all 
its dimensions. Suppose, 
for example, that a flr 
batten 1 inch broad and 

2 inches deep, with a load 
of 1 cwt,, deflected iVth 
of an inch in a length df 

3 feet, and we desired to 
kriftw the deflection of a 
fir beam 3 inches broad, 

10 inches deep, and 15 feet 
long, imder a weight of 

1 ton, or 20 cwt. In tlie 
rnso of the batten, which 
is 2 inches deep, since 

2 X 2 X 2 = 8, the de- 
rtection is only Jth of 
what it would be were the 

depth 1 inch, because it is inversely as the cube of the depth. The deflection, then, of 

11 batten 1 inch deep, under a load of I cn-t., would be 8 X = | inch, the length 
being 3 feet. Further, the cube of 3, or 3 X 3 X 3, is 27; and were the batten only ^ 
1 foot long instead of 3 feet, the deflection would be A th; the deflection then of a batten 
1 inch broad, 1 inch deep, and 1 foot long, would be ^th of ^ an inch, or 7^4 th of an 
inch, with a load of 1 cu’t. Having thus got on estimate for a beam with all the 
dimensions reduced to unity, we can apply it to the beam, according to the law wc have 
^taUJtl. This law is arithmetically applied by multiplying the deflection found above, 

* 4 th of an inch, by the weight 20 cwt., by the cube of the length 15 feet (or 3 times 
Id feet), and dividing the product by the breadth 3 inches; and the cube of the 
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depth 10 inches or the deflection is 


A-th in. X 20 X 15 X 15 X 15 


= i^ths of an 


3 X 10 X 10 X 10 

inch, or nearly j an inch. 

As to the defleotion of booms of various forms and materials, and subjected to 
ntnuns imder various conditions, although numerous experiments have been made, yet 
they have boon conducted with too little reference to each other for us to develop any 
law of general application. In Barlow’s Treatise on the Strength of Materials, the 
question of the deflection of wrought-iron, as applied in the construction of rails, is 
treated at oonsidorablo length; but the conditions of strength in malleable iron must 
diflbr very considerably from those in other materials, because their comparative 
tensive and compressive strengths differ very widely. To show how cautious wo ought 
to bo in applying to any particular material the results deduced from experiments on 
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ottMir auctcrials, wo maiy instance the poculiar difforcnco between cast and wrought«iron 
in xeq»eot of tenaave and compressive strength. The direct cohesive strength of wrought* 
iron u about 3 times that of cast^ixen; or, to bear a certain tensive strain, the area of 
aeotion in cast should bo about 3 times that of wrought-iron. As to compressive strain, 
on the otho* hand, although it may be true that wrought-iron will sustain much greater 
C(nnpre88ion than cast*ir(m before it becomes entirely crushed and lUsintegratod, yet the 
greater softm'ss of the wrought-inm permits it to yield under pressure, and to become 
oompresaod to a considerable extent; while cast-iron scarcely yields perceptibly until 
it entirely gives way. 

Now, if we apply these considerations to a beam subjcctc'd to a transverse strain, as 
when it is supported at Ivith ends and loaded in the middle, we see that at the middle 
of the beam, just before fracture takes plat'c, there must be a portion of the materiul 
above the neutral axis compressed, and a portion below it extended by the action of the 
load. If the resistance of the material to exUmsion and to compression under those 
conditions be equal, the neutral axis would U; in the middle of the biwm; and it»i 
resistance to fracture would then be the g^'atest possible, U'caiise the total leverage of 
the compressed and extended portions on each side of it would be greater when it i.s in 
the mid^e than when it is elsewhere. But if it happimed that the material was more 
easily compressed than extended, it would bo nt*arer the lower side; while if it were 
more easily fractured by extension than eumpressiun, it would lie nearer the upper side. 
Desiring, however, in eithiT ease to secure the advantage of having it in the middle, 
and thereby giving both the compressed and the extended portions Utu greati.>st p<issihle 
leverage, we should somewhat alter the form of transverse section, so as to increase the 
area of the weaker part, or add to it some fibres, diminishing the area of the stronger, 
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and upon the whole 

A C B D nutalteringthoqiian- 

tity of material or 
total area of st'ction, 
but only modifying 
it in such a way a'< 
to bring the neutral 
axis to the middle of 
the depth. In a n>e- 
tangulorbconi of raul - 
leablo inm C (Fig. 
73), the neutral axis 

is below the middle of the depth, because the upper portion yields more readily to com¬ 
pression ♦h«Ti the lower to extension. In a beam of cast-iron B the neutral axis i.s 
above the middle^ because the upper portion resists eompn'saion more than the lower 
resists extension. To bring the neutral axis to the middle in both, we should for mal • 
leablo iron remove portions of thickness firom the lower edge, and add them to the 
upper, as in A; for cast-iron we should take from the upper and add to the lower, as 
in D. We thus ♦>»«t the modification of form requisite for increasing the trans¬ 
verse strength of cast-iien of certain depth, without adding to the mass of material, is 
exaetly the opposite of that auited to malleable iron. The usual section of cast-iron 
girders, supported at both ends and loaded in the middle, is the inverted T”y swelled a 
little at the upper edge (Pig. 76). The dimensiona of a girder one foot deep are nearly 
those marked in the diagram. This may not bo precisely tlie host form for combining 
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tbo greatest strength vith economy of materials, but It approaches it; and, besides, it 
possesses practical advantages which deserve consideration. Tho flange, or increased 
width at tho lower side, not only affords the additional strength ^ 

required there in order to meet the tensive strain, but presents a ^ a 

projecting ledge fur receiving the beams or arches which the ~ 
girder may liavc to bear. Tho increased thickness at the upper ; WM 

side not only provides additional material to resist compressive | 
strain at the greatest possible distance from the neutral axis, but I ■■ 
serves to stiffen tho girder so os to prevent it from bendii^ or j | 

buckling sideways, either from contraction in cooling from its ^ H| j_ 
iMolteii state, or from excessive strain in its place. The thick- ; 
ness of the metal in the middle part and in the lower flange is | ! 

luaJe as nearly equal os possible, because it is found practically | I 

tha^ iu luakiug iron castings, unequal thicknesses of metal | I 

cauoo unequal contractions or shrinkings in the metal as it ^ ! 

cools, and thus tend to distort the work. 3 

Tho best fonn of section for malleable-iron rails is nearly the <-.S.> 

opposite of that for cast-iron girders, a "7“ not inverted (Fig. 77). Fig- 

As, however, tho upper part of the rail gets worn and uneven by the friction of the 
/* traffic, it is sometimes thought desirable to have tho 

opportunity of inverting it, and thereby wearing 
upper and lower sides before the rail is 
rejected as worn out. Tlie section is therefore 
made av-mmetricul above and below, as n'cll as on 
both sides (Fig. 78). 

V As we have shown above, the strength of any 

^^ beam to resist transverse strain increases verj* 

greatly os the depth is increased. It is therefore 
» " ^ of gi-eat importance in all cases of transverse strain 

FM- “**• U> give as much depth ns possible. This is often 

effet t<-d not by increasing the total depth of the material, and thus adding greatly to its 
weight, but by introducing ribs or tlangcs, and thus dispersing a given quantity of 
rna<erial in a bettor form. If, f<»r iiwlancc, we had to provide a .square c!i.st-iron plate 
of sufHr;ient strength to resist a great weight pressing on its inidille (Fig. 79), while it 
i.-* supported on two piora ,"■ ' 

at the sides: instead of , ^^|[^^||| 

making tlic plate of solid 

iron, sufficiently thick to - _ 

sustnin the strain, we 
should ‘ ^-T— 

the upper part a thin [ 
flat plate (Fig. 80); and 

round the edges, as well Fig" 79. 

as across the diagonals, 

lirovide projecting ribs of the greatt'st depth in the middle (Fig. 81) ; and thus attain 
aufB( ient strength and stiffness, while wo should save a considerable quantity of ma¬ 
terial.* This mode of attaining strength is particulai'ly useful with such a material 
ns cast-iron; for when it is formed in thick massi's, the cooling of tho outer crust, while 
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the inner part of thv mass rcmama fluid, sots or fixes the outaide, and the subsequent 
oontractioa of the inside causes a sponpint'ss or looseness of texturo which greatly 

diminishes strength. It 
is, therefon', of the ut¬ 
most importance to attain 
the required strength 
without great thickiiesn, 
as wdl fur the sake of 
SK-uring solidity and 
firmness of material, as 
for avoiding air-bubbles 
and flaws, which nn; apt 


I 


i 
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PLAN. 



to occur in thick castings ; and which if they do oci ur in thin castings do not take so 
much from the strength, or, at nil events, are 
more likely to be visible and can be ollow't'd for. 

In nudloable-iron bars, when they are required for 
strength and stiffness, the "J* form is usually em¬ 
ployed. In plat<*8, corrugating or wrinkling adds 
greatly to the stiffness, because it provides depth 
of mat<'iial trons^'crsely. 

The question of how to dispose material in 
order to secure the greatest strenKth with the least 
w'cight and cost, is indi'cd the main subjivt of nic- 
rhanical contrivance as to form. W’e have already 

instanced the contrivance of the Britannia Tubuhir »l. * 

Bridge as an example of skill in device going hand-in-hand with expt'riment. >V«to 
the material employed in one of tlie great IuIm'S of this bridgt; all compresstd into one 
solid bar, having a section of diiuctuions proporii«»nal to tltose of the tula*, w'e question if ' 
it could support its own weight without breaking, even if the span were reduced to half ) 
that of the tube; while with onc-fuurth of Iho span the deflection, from its own u-eighi, 

would be enormous (Fig. 82). In this tube the material is di.-- 
posed in such a manner as to attain the gn.‘atest strength with the 
lca.st weight, and the must suitable form for the puqxisi's of the 
trafiic. The additional material required in the upper part of 
the section (as in the ease of other wroiight-iron girders), is ar¬ 
ranged in the sides of cells or subsidiary tubes; and due rogurd 
has been paid to the securing of lateral stiffness to resist the 
pressure of strong winds against its immense sido-surfoet', as well 
as to the attainment of vertical stiffness to resist the strain and 
shake of a bca'i’y passing load. In some other cases where mal¬ 
leable-iron is used in the construetion of bridges, a girder has been 
Vlg. s2. formed of plates. -The upper part is a tulic bent over to an arch- 

form (Fig. 83), and the lower portion a flange or ledge, os well for atrongth as for re- 
cuiving the ends of the beams that cany the roodw’ay ; and the upper and lower portions 
are eonnected by a longitudinal fin, with scviTal transverse ribs for stiffening and mure 
firmly connecting the whole together. This ingenious arrangement of ports (p due, 
wo believe, to Mr. Brunei the engineer. 

Not only, however, is there scope for modification of form of the tronsvenc section so 
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as to weuro strungtU with j-«ton(»my of material; the longitudinal section and plan of a 
hc-.iiu arc also stucoptible of modilicationa. 



! 


Fitr. »3. 



In the case of a beam projecting from a wall (Fig. 8-1), witli a wciglit su-siKTidcd at 
its oxtH'Dic end, tho strain is greatest at A, clo.se to the Rup]>ort, and diminishes to¬ 
wards the end, beeniisf the h'verage with which the weight act.« t*i fracture the beam 
diiiiinishcK. Thus, at midway, th(‘ strain is only half that at A, at H 
It is ^ths. and at 1) it is |th. If, then, the brcndtli of the beam be uni¬ 
form throughout its length, its depth may be with safety diminished to¬ 
wards tho extri'inity. As tho strength is projiortioned to the square of 
the depth, the depths at It (1 1) may be made sueh that their squares are 
n'speetively and \ of the s«|uare of A. This may he done by remov¬ 
ing material from tho upjior or hiwer side of the Ix'ani, so as to give it a 
curvi'd outlini' above or below; and still the strioiglh of the beam is main¬ 
tained. 'i'he eurve for Mn*h a beam is what is <-alled a parabola, the 
peeuliar pnqierty of wliith is. that a square of the length of each of the 
M’ltical liacs or «>rdinati-s A, It, C, 1), is proportional to its distaiK'o from 
tin* ap«'.K or e.vtromity K. Let u.s take, a.s an example, a beam of cast- 
iron j)rojetting 12 feet, and 12 inehes deep at A by 3 inches broad. The 
weight of sueh a heoni of uniform depth throughout M-ould ho about 12 Section, 
cwt. Hut by tapering it off as we have indienti‘d, its weight would bo re<luood to 8 cwt., 
^iil.'i of what it was. Tlm.s, imt only is a saving cfleeted in the cost of the beam, but 
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I as its own weight is an important part of the strain at A, this dement of strain is con- 
j sidcrably diminished, and the w'eight hanging froiu the end may he proportionally in- 
[ creased. The depths at the diffei’ont imints n'onhl be as foUow:— 
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At A, dose to the support, 12 inches. 

„ B, -Jths of the length from A, about lOf, because lOl 8 «]uarofl is about ;3ths of 12 
squand. lOj X 10^ = llOl, anti 12 X 12 = 144, {th of whiih is lOS. 

„ C, I tlie length, or 6 feet from A, about inches. 

D, 1th the length, or 9 feet from A, 6 inches. 

If the depth of the beam cannot conveniently be varied, tlic breadth may bo dimi¬ 
nished at a distance 
ELIVATiON. from thi> piuut nf 

8 upp<irt; iH'i-niutc the 
»tn*ngth of a bc*nm 
b«-ing n.H its bn‘adt}i, 
and the loverage of the 
weight Ix'iiig’ Icssimt d 
as we renile fn>m tls-- 
break iiig-]x»int, the 
brrndlh may Ih> le*.- 
sened in like propor¬ 
tion. Simit'tiiiies it is 
convenient ti» vary the 
deiith ami brendt li 
also, and thus main¬ 
tain a siniilar ses-tion 
throughout the whole 
length : that is, a st-e- 
tion of like ligure. 
hut of varying dimen¬ 
sions. 

In Uie case of beams supportixl at Ijotb ends, and loaded in the middle (Fig. Ho), tlie 
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same' principle is .applied; thedinii'nsions, in resiMn-t of de]»th and breadth, iH-ing inadt 
greatest in the middle and diminished gradually towards tlie I'nds. Thi.s economy of ma¬ 
terial is oaaily effected j-^- 1 

in ca.st-iron gil ders by • * • 

making the pattern 
from which the ca.sting 
is moulded of the re¬ 
quisite fonn. When 
tinibcT lieams arc nsed, 
the increased depth to- 
w.ards the middle is attained by piling several boam.s on one another (Fig. 8 G). As the 
lower side of a beam resting at both end.s is subjected to a tensive strain, great addi¬ 
tional transverse strength may be secured by straining a rod or I’haiii 11 J1 (Fig. 87) from 
end to end of the beam, and blr>cking it off from the lower surface by means of one or 
more woodmi or iron struts A or C C- By this amingemcnt the w’ooden beam, wbi-n 
loailed between the supports, is subjected to a I'ompressive strain only, the whulu of the 
tensive strain being thrown upon the rod or eliain. 

Again, by fixing a stmt, or king-post, C (Fig. 88 ), upon the upper side of the beam 
A A, and connecting it by pieces B B to the ends, the compressive strain is thrown on 
B B and the tensive strain only on A A. Indeed, there is no limit to the contrivances 
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l>y means of which the direction and amount of the strains can be varied so as to econo- 
iiiise nmh’rial and sc- 
riire stability. Wo 
liuve only instanced 
a few as e-xamples of 
iirrangements, a coiu- 
I'lctc iic(‘oiuit of which 
would fill many vo¬ 
lumes. 

The table of trans¬ 
verse strengths gives 
the load which iiiny 
be safely placed on the 
middle of beams of dif- 
f.Tent mutcriaU supported at both eiuls. Tlie tiible apiplics to beams 1 foot long botwocn 

the ]>oints of support. 
The weights arc those 
for beams the trans- 
veiTW s«*etioii of M-hich 
in the middle is 1 inch 
stjuarc, or 1 inch broad 
and 1 inch deep ; and 
these apply to all 
beams of rectangular 
seethm. The weights 

1 >r beams <d eircular si'ction, may be taken at two-tliirds of th»»se for sijuaiv seetion. 
Till- follow ing are the rules for computing the strengths of beams of vaiious dimensions, 
iiccording to the data furnished hy the table :— 

I. For beams supjiorted at botli ends and loaded in the mivldlc. CJiveu the length, 
breadth, and depth, to find the load. 

—Multiply tin; number in the tabh* hy the breadth (in inches), twice by the 
de]>»}i 'in inches), and divide by tlie length (in feet\ 

Urmujjle 1.—R-q^uired tin- transverse strength of a beam of teak S inebes broad, 
12 iinbes deep, and 11 feet between bearings. 

Xumber from table opposit** teak .... 270 lbs. 

Multiply by breadth. S ins. 





^Itiltiply hy depth 

Again hy depth 
Divide hy length 


2160 
12 ins. 

2.31120 
12 ins. 

11)311040 


22217 lbs. 

Very nearly 10 tons, or 22,400 lbs. 

Example 2,—Retjnired tht; transverse strength of a wrought-iron bar 1J ineh broad, 
t inches deep, and 6 feet long. 




UULEM FOU CALCULATIKo TiaNKVKlUSK HlBKNliTIl. 


• 1300 X X 4 X 4 ..innii 1 .^1 

-^- = <ii00 llw., nforly 46 J cM't. 

For bars of circular section. 

Jf«/c.—Multiply the numlH’r in the table thr«» times by the diameter (in indies), 
divide by the length (in feet), and deduct one-third of tlio n^sult from itself. 

Example 3.—Ue<iaircd the transverse strength of a lH>cch ridler, 2 inches dianieto, 
and 4 fivt long. 

4 

Deduct one-tliird =: 113 


227 lbs., nlnnit 2 t wt. 

II. When the bi'ani is fixed down at the ends. 

Ettle .—Find the strene^h as livforc (1.). and add ti> it its half. 

Example 4.—Ile<iuir»'d the strength of a cust-iroii bar 2 inches broad, 6 iadic.- dico. 


9 feet long, fixed ut both ends. 


8 »0 X 2 X 6 X 6 


~ 6800 ll»s., about .3 tons. 


Add one-half 3400 
10200 


ton. 


10200 4^ tons. 

III. MTicn the beam is supisirtid loosely at both mds, find ha> the lo.nl unifonnl} 
dustributed ovi>r it.s length. 

Ita/f —Find the strength :w liefon- (I.), and double it. 

Efin.tple 6 .—Itequired the strength of a deal rafter 3 inches broad. 11 itn lies deep. 
10 feet long, loaded iinifonnly througlunit its length. 

■-- X 2 = 0438 lb , about 4 \ tons. 

IV. When the K^am is fucod at both ends, and has a l(«id unifomily di.strilmteil oi <t 
its length. 

Jtali. —Find the strength a.s in I., and triple it. 

Example 6.—Ilequired the strength of a round UTOught-iron bui 2 inclu*.'. dianict, !. 
10 feet long, fi.xed at ends, the load being uniformly di.stributed. 

10 

Deduet onc-thinl r= 347 


603 X 3 = 2070 lbs. 

V. When the beam is loaded by a weight not in the middle. 

Jlulc. —Find the strength as Wfore (I.), multiply twice b) half the length, and divide 
by the length of each part into which the beam is divided by the iMunt of suspen-ninn. 

Example 7.—Itequired the strength of an asli licam 6 inches broad, 8 inches dinqi. 
14 feet long, to earn* a weight 3 feet from one end. Half the length is 7 feet, and the 
two parts are 11 and 3. 

2.>0 X 6 X 8 X 8 ^ 7 X 7 _ , ,, ^ 

- -X ~ 10*82 lbs., nlmut 4J tons. 

VI. When the beam i.s fixed at one end and loaded at the other, 

Enle .—Find the strength os in I. and divide it by 4. 
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Example 8.—Bcquired tho strenf^th of an English oak beam 13 inchet square, project¬ 
ing 10 feet from a wall, to bear a load at the end. 

•-—Yjj- = 41/4.J lbs., strength by I. 

Divide by 4 = 10l33lba. 

Those coses include must of the circumstances which occur in practice. The con¬ 
verse operations for finding the dimensions of u beam when we know the weij^t it has 
to bear, do not furnish us w'ith tho bruiidth and depth separately (except in the case of 
eylindrical and square beams when the depth and breadth are equal), but give us » 
result whicli is the pnKluct of the lm>adth by the sfiuarc of the depth. We must, thcri- 
fiirc, be guided by other circumstances in dotermining one of these dimensions; and 
having dt'lermined tho one, we easily find the other. For instance, if we wero requin?d 
to provitic a cast-iron ginlcr of rectangular section, sui-h that when placed on two 
walls 10 feet apart it should carry a load of 2 tons in the middle, we should reason 
thus :—lly tho table, a cast-iron rectangular beam 1 inch broad and 1 inch deep, and 
1 foot 1) ‘twwn supports, Wars KoO lbs. ; <nie 10 fei-t betwi«en supports must be made ten 
tiiucN a.s .strong to b(.>ar 850 lbs.; and to bear 2 tons, or 4 ISO lbs., it must be about five 
and a qiiartiT times as strong, becau.Sv* 4480 lbs. is about five and a quarter times 850 lbs. 

Till’ strength, then, for the givi*n b’ligth and weight must bo 5t X 10 = 52^; or. 


i more eorreclly, 


10 X 4480 


= 52'7 times that of a beam 1 inch broad and I inch deep. 


A-ssume breadth, 

1 in. 

2 in. 

3 in. 

4 in. 

5 in. 

Anri .so on, the onodimensi 


then dr'pth, 


oj m. 
41 in. 


31 in. 


because nearly 

1 X 71 X 71 = 52 7 

2 X 51 X 51 = 52-7 

3 X 41 X 41 = 52-7 

4 X 3i X 3i = 52-7 

5 X 31 X 31 = .52-7 


Hu? as the strength is as the hrea<lth multiplied by lie* square of the depth, tho number 
52 7 must be tho pniduct of the breidtli in inches, multiplied by the square of the 
dr’pth or twice by the depth; and if we determine one of these dimensions, we can 
ea-ily asiertain the other, thus — 


Anti .so on, the ono dimension being n.s.sumed aciwding to eircumstoni es of convenience 
or for other r(*a.sons. When it is determint'd that the section of the beam shall be 
square, the priuluct found as above is the cube of tho breadth or depth, or it is the 
breadth multiplied 3 times by itself; and therefore the breadth or depth is found by 
biking the rube ro«jt of thi.s pHsluet. In the case given, the cube root of 52'7 is about 
3'[' and wo therefore conclude that if tho beam be of square section, its breadth or 
dejith mast bo 31 inches, because 3l X 3i X Sj = 52*7. When the beam is cylin¬ 
drical, the diameter is also determined. Since the strength of a cylindrical beam is 
about I of a square ono of the same material, we must make up the other by adding 
to its dimensions; and as ^ is <mc-half of |, wo must add to the product its half, and 
then take the cuho root as for a square beam. In the case given, adding to 52'7 its 
half, or 26*35, we have 79*05, which is nearly tho cube of 4^*, and we miwt therefore 
make the diameter of a cylindrical beam 4^ inches, or more correctly 4*3 inches. 

As a proof of the accuracy of our calculation, we have only to reverse the operation, 
and calculate the load which tho beam of the dimensions wc have thus detorqiincd will 
bear. If tho result corresponds with tho given weight, wc know that wo are right. 
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EULE9 FOR CALCCT-iTlSrO STRENOTH PRODUCT. 


In the cxaf&plc wo have taken, we have to find tho strength of a cylindrical cast-iron 
beam 4*3 inches diameter and 10 ft'ot long. By the rulo for bars of circular section, 
case I., 

Deduct I = 2233 
4303 

Nearly 2 tons, or 4480 lbs., the load which tho beam was intended to carry. 

Tho following rules give the mode of calculating t\io'«tr^nffth product under various 
i-ircumstanecs of strain, and then the method of dealing with the strength protfitet wlu-n 
ttie form, proportions, or one of the sectional dimensions of the beam is givem. The 
eases arc numbered in the same order os those in the calculation of tho loa«L 

I. Beams supported at both ends and loaded in tho middle: given the length and 
load to find the strvugth product. 

JtuU .—Multiply the load (in lbs.) by the length (in feet), and divide by the number 
in tho table. 

Example^. —Bequiro<^thc strength prwiuet for a beam of teak 14 feet between 
bearings, to carry 10 tons in the middle. 

• 10 tons = 22,400 lbs. 

22 400 'X 14 

- - -= 1161, strength product. 

2<0 

8 ins. brood and 12 ins. deep would suit this ease, because 8 X 12 X 12 =z: 1132, 
nearly 1161. 

II. When the beam is fiiced down at the ends. 

Hide .—Find the strength product a.s in I., and deduct fn)m it its jjrd part. 

Example 10.—A cast-iron bar fixed at both ends 9 feet apart has to carry 10,200 lh<. 

IMO^ 

«.'»0 

Deduct ^ = IlO 

72 = strenath pr<»duet. 

2 ins. brood and 6 ins. deep, for 2 X 6 X 6 = 72. 

III. When the beam is loosely supported, and the load uniformly distributed. 

Eule .—Halve the strength product. 

Examine 11.—A deal rafter 10 feet long i.s loaded uniformly with 9438 lbs. 

9438 X 10 _ 

—^l¥0~ ^ 

3 inus. broad and 11 ins. deep, for 3 X 11 X 11 = 36.3. 

IV. When the beam is fixed at both ends, and has the load uniformly distributed. 

Eule .—Divide the strength product by 3. 

Example 12.—A wrought-iron bar 10 feet long fixed at ends is loaded with 2080 ll>s. 
uniibnniy distributed. 


2080 X 10 


= 3|, the strength product. 


1300 X 3 

If the bar be round, wo must increase this by one-half, making it 8; and os 8 is llio 
cube of 2, or 2 X 2 X 2, the round bar must be 2 ins. diameter, 
y. When the beam is loaded not in the middle. 





Hide .—Multiply the strength product suooessiycly by IfeuD two lengths into which the 
weight divides the beam, and divide twice by half the total length. 

lizamjdt 13.—^An ash>beam 14 feet long, has 10,182 lbs. suspended from it 3 feet 
from one end (consequently 11 feet from the other, half the length being 7 feet). 

10^82X14 11 X 3 

250 ^ 7 X 

6 inches broad and 8 inches deep, fur 6x3X8=: 384. 

VI. '^lien tlie beam is fixed at one end and loaded at the other. 

Jtuft .—Multiply the strength pttjduct by 4. 

JCxtimpk 14.—An English oak beam projects 10 feet and carries 10,433 lbs. at 
the end. 

X 4 = 2190. 
lao '' 

13 inches square, for 13 X 13 X 13 = 2197- 
The following rules embody the methods of dealing with the strength product when 
found as above. 

1 . Girc'n the depth to find the breadth. 

Hide. —Divide the strength produet twice by the depth (in inches), the quotient is 
tlie breadth (in inches). * 

Example 15.—Tleom 0 inehe.s deep to give strength product 72. 

2 inches, the breadth. 

C X 6 

2. Given tlie breadth to find the depth. 

link. —Divide by the breadth and take the square root of the quotient. 

Example 16.—Beam 8 inehes broad, strength product 1101. 

= 145, the square root of which is lujarly 12, for 12 X 12 = 141. 

3. When the heani is squon* in section. 

Jink. —Take the cube root of the strength product. 

Example 17.—Sqimre beam, strength product 2196. 

Cube root of 2190 = 13 nearly, for 13X13X13 = 2197. 

4. When the beam is cylindrieol. 

Itale .—Inereosc the strength product by its half and tiike the cube root. 

Example 18.—Cylindrical beam, strength protlurt 5^ 

Add lutlf of d| = 2| 


Cube root of 8 = 2. 

For beams of other forms than those which have square, rectangular, or conical sec¬ 
tions, wc cannot fumisli any rule. Practical men, from long experience and from a 
habit of observing the projiortions suitoblo hi certain strains, can form a tolerably accu- 
i-nie conception of the strength due to particular forms under various conditions. ^ 
fore any mechanical work is executed, the appearance of tho parts on the drawii|g 
recommends itself to a practised eye, or otherwise, according as the details are studied 
in eunsonanco with the just proportions of strength or otherwise. In providing hot 
only against absolute fracture, but also against deflection, vibration, and all such t de- 
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STREKUTU REQUIRLD TO RESIST TWISTING UOTION. 




j meat) of degradation and a'caJenogs. tlie strougUi must Imi made very much in exoca* of ; 
j that which the mere calculation of breaking-strain would indicate; and the different ; 
i modes of providing adcijmte iiriniu>s4 and permanence without extravagant use of matt'- | 
I rials, arc matters of ingenious contrivance fur which no rule could be furnished. | 


Tahh of fnnitrrr^r »trethjfh.s of ftatiii.*, 1 foot to»y hrlinrH Hupport*. hfiny hme at ktfh [ 
<■«</«, Iwidett la f/tf fHuhite, haring a gertian I inrh gtjuare :— 1 


Name of 
uuitonn!. 

Ash 


IVniianrot.^ ! 
load. 

. *2o0 lbs. 

Nninc of 
niatcriul. 

Oak (I'kiglisli) 

Permanent 

toad. 

. 190 lb.-«. 

Ht'ci li 


. 170 

Pitcli pine 

190 „ 

I>eal 

. 

. 130 „ 1 

1 Teak 

. 270 „ 

Kim 


. ItlO 

Iron (cast) 

H.'iO .. 

Oak (-Vfrifaii; . 

• 

. 2.30 

Iron (wrought' . 

. 1300 „ 


A 


/ 


L. 




ratr»*ailfffi‘ti«igi 


y 



4. Tonioa.—As in machinery motion is generally conveyed from one part t<> 
another by means of shafts or spindles rtttating on their axes, it ht'coux's a matter <•!' 
considerable importanee to dett'rmine the strength of materials to I'esist a twisting m 
a*n*nching force. If we sup{n*sc an iron shaft fitted with a wheel at each end, one 1*4 
whie.h is driven by some prime mover, such a.s a steaiu-engine, and the other ei)nve\ ■> 
the piwcr or motion to some machineiy, it is clear that thi' wh'de power so convi vi'd 
has to passthrough the shall; and the rcMstaneeuf the machinery at the one end to ih - 

prime force applied at the ipther, subjects the shall 
to a torsive or twisting strain. 

That a'c may simplify th<' view wlii<-h %ve 
should take of this kind of strain, a*e sliall sup¬ 
pose a shaft A (Fig. 89) fitted witli a wheel a! 
each end Z and round the cireumferenee of 
, ' each of which, in op]>ositc directions, a rop-' 
t Pig. SI. I |,ns!«(‘s, su.sjn'nding a Weight W. The wheels ami 

weights bi'ing equal an' balanced, and the shaft is not laiiscd to turn in either dirt'ction. 
but both weights tend to twi'it the shaft in itself. If instead of one of the weights W’ 
we were to substitute a fixed pin or hook to whirh tin* rope might he attac-hed, the rop“ 
would still be subjected to ttie same strain as if it had the weight su.s]K>nded from it ; 
and os it would react on its wheel witii a fircf* precisely eijual to its tension, the twist¬ 
ing effect on the shaft would not Ihj alien'd. We may, then'fori'. suppptsc the wheel and 
weight entirely rcinovctl from one end of the shaft, and tliat end fi.\ed firmly in such a 
manner that it cannot turn or n-volvc on its a.xis, while it is throughout its whole length 
subjected to a twisting strain from the a'‘tion of the weight at the other end. 'i’hc 
power with which this weight tends to twi.st the shaft depends b«ith on its magnitude 
and on the size of the wheel round which its rope passes. The radius, or half-diameti'r, 
of the wheel is the leverage of the weight; and by increasing it wo increase the torsive 
strain in like proportion. For cose of calculation we will suppose the radius, or half- 
dbnietcr, of tlm wheel to be 1 foot; and if we can find the torsion of a ct^rtain weight 
acting at a radius of I foot, we can reckon that of the weight at any other radius; or 
having found the weight to produce a certain torsion at 1 foot radius, we can easily 
reckon the radius at which the same weight would produce some other amount of 
torsion. 

I Thus, by doubling or trebling the radius we double or treble the torsive strain; by 
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doubling or trebling the woigltt wo bare to place it at one-half or one-third the radial 
distance from the centre of the shaft, in order to subject it to the same torsion; and so 
generally in simple proportion. Thn torsive strain, therefore, is as the weight multi¬ 
plied by its radial distance. One ton at a radial distance of 3 feet is equivalent to .‘j tons | 
at a nidinl distance of 1 foot, because 1 ton X 3 feet = 3 tons X 1 foot. i 

We have now to imjuire what effect tlie dimensions of the shaft, or the quantity of ! 
material in it, has in resisting a certain torsive strain; how large the shaft must be to 
resist a given strain, or what strain a shaft of given dimensions can resist. The | 
replies to these questions must depend upon the form of section and the nature of ! 
the material employed; but if wo can ascertain, by direct experiment, the torsive j 
j strength of a shaft of certain material, form, and dimensions, we must endeavour 1 
{ to find a principle on which to reckon the strength of a shaft of the same fonn ! 
{ and material, but of different dimensions. We may imagine two plates of metal nr | 
! other material placed face hi face, having such corresponding projections and hollows . 
i in their surfaces that the projections of the one fit into the hollows of the other. Wc j 
: may suppose these plates pressed togi'tlier, and some forre applied at their edges, so i 
, as U) push the one along the face of the other. It is manifest that the force for thi.-: . 

> purpose must depend upon the amount of roughened surficc in contact, upon tli-' 
pressure squeu/ing the plates together, and the 
peculiarities of the roughness which their sur¬ 
faces present. Instead of two separate plate's 
. put artificially together, we may conceive that 
at any place where a solid hotly might be shorn 
arrttss, the partirbis of the btaly or the grains of 
whii-h it is compostMl fit into the interstires of 
. each otlier; and the two parts into wliirh the 
lnnly may be tlividetl or shorn are held firmly 
. together by tbi* c*ohcsi<m of the particles over 
tin* whole surface where the division takes 




jjlacf* {Fig. 90). In order to effect a separation by pressing the Iwdy in opposite direc¬ 
tions, as with shears, we should have to overcome the eoliesion, and the resistance' 

which the asperities pre- 

-\ sent to tlie slip across the 

-' -- rough surface of separation. 

)C amount of co- 

V- . Mtf iiii t i rf ■ . Mil I ■ n il II ^ hosivo attraction and the 

____ ' ----resistance from asperity, 

must mainly depend upon 
the peculiar nature of the 
material acted on; but the 

-— relative amoimt of resist- 

___■ --— ance which two pieces of 

C® ^ the same material of dif- 

____—' fcrcnt dimensions present, 

-—— - Boems to depend simply 

upon the number of pai- 

ticlcs separated; that is to say, on the area of the section or quantity of surface sepa¬ 
rated. Thus, to separate orosswiao a piece of inm 2 inches square, wo should expect to 




ItESIRTAKCE TO 8EPABAT10N BT T0K810X. 



C.s_■_ 


Fijr. 92. 


ap|d]r four’iimea as much force as urould be required ta sdparatc a ptoco of the same 
iron 1 inch square, because the piece 2 inches square has an area of section, or a surface of 
separation, four times as great os the piece 1 inch square. But, farther, if arc suppose the 
separation to he effected by means of a shears (Fig- 91) so arranged that the 2-ineh piece 
ia placed twice as far from the pirot or fulcrum of the lover of which the shears form 
the arms as the l>ineh piece, wc should hare to apply double the force to divide the 2-ineh 
piece, on account of the disad%’antage of leverage; and, on the whole, in such a ease wc 
should require eight times the force to divide the 2-inch piece that we require for tiro 

1 -inch piece. If now, instead of shearing across 
^ ^ a square bar, we apply this principle to the 

^ ^ \ fracture of a cylindrical bar or shaft by torsion, 

/ /' ' tbe centre of the shaft bcc’omes the fiileriim of 

' / ^' the lover which we may assume to be one foot 

( \ ' ;'Y ’ long; and each portion of the sectional area of 

y Y/ ' the shaft resists 84'paralion with a force propor- 

\ -^ tional to its area, and to its leverage nr distance 

from the centre C (Fig. 92). If we take any 
small square of the section, such as A, ami siip- 
pose a ring tracetl inclosing it, it is clear that 
the resistance of every part of that ring of partieli s, of the same*magnitude' as A, offers 

the same resistanee, ln'cause it ha-s the same leverage, or ia equally distant from the 

«entro; and that, therefore, the total resistanee of the ring is as its area multiplied l»y its 

leverage A C. But if the ring In? very -- 

narrow, its area is nearly its cireuin- 
ference multiplied by its breadth, and its / 

circumference is _ ' ^ 

as its radius AC: ,/' - 'v \ 

therefore its re- , /' __ ' \ ' 

sistance is as its \ \ / ' } /' . 

breadth multi It S n ' a ‘i> 'c u ■ ' ' 

plied by its radiu-s \ 1 ^ , 

twice or the square \ \ / \ ' \ _/ / 

of its radius. ,_V ’ / j 

■Were wc to •__ y / 

suppose, then, the \ /' 

w'hole circle divided into numerous nar- N. -^ 

row rings of iMjual breadth, the resist- 

ance of the whole to separation by ^ 

torsion would be the sum of the resist- * w- 

usices of all the rings, the resistance of each being ns its breadth multii»licd by the 
square of its radius. Ifow*, if wc compare a eirclc of one radius such as 12 ins. w'ith 
another such os 6 ins., dividing each radius into nn equal number of parts as 4, and 
trocthg the rings marking them, for the sake of distinctness, by large and small letters 
respectively, wc find tliat the breadth of ring X is double that of .v, and that the radius 
of A is also double that of .v; therefore the re.sistanoc of A to torsion is 2 X 2 X 2, or 
M times that of So wc find the resistance of B to bo 8 times that of ii, and so on; 
t'lercforc the resistance of the whole of the larger cirelu is 8 times that of the smaller. 
Were the radius of the me 8 times that of tbe other, wc should find, by a like proee<.s, 


/ -■ V.' 

/ t / 

i » I / 
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that its rusistanco vould be 3 X 3 X 3, or 27 timoa; and generally tliat the resistance 
of any cylindrical shaft to hirsion is as the cube of its radius, or of its diameter (the 
double of its radius). 

This general proposition is almost self-evident; for if vro admit that the resistance 
of any part of the circular section is as its area multiplied by the leverage at which it 
acts, the rcsistanee of the whole circular section must be as its area multiplied by the 
mean or average leverage of all its parts. The areas of circlas arc as the squares of 
their diameters, and in every circle tlie mean leverage is proportional to the diameter; 
therefore the rcsistanee to torsion is as the area or Sfiiiarc of the diameter multiplied by 
the diameter—that is to say, as the cube of the diameter. 

The reasoning we have used is founded on tlic assumption that the effect of excessive 
torsion is to divide or shear a shaft acit>8s at some place where the material is acci¬ 
dentally weaker tlian elsewhere. But in shafts of uniform strength throughout their 
length, and of fthrous texture, tliis is by n«* means the effect of destructive torsion. In 
a wrotight-irnn shaft, for instance, the fibres arc made to twist, so that in some cases 
the outer surfa(‘c pn'sents the screw-form of a cord or n)pe; and ultimately they sepa¬ 
rate and present a fracture where parts seem to have been dragged out of their place by 
this twisting action. In producing such u twUt of fibres there must be a considerable 
♦•longation, particularly of the outer fibres; for it is longer round the thread of a scrcu' 
tlian in a dim-t line from one end of a bar to the othc-r; and tlie greater the diameter of 
tlic thread, or the farther it is from the rentre, the longtT is its course. If, then, wc 
confine our attention to any set of fibres similarly situated, in two bars of different dia- 
inotci-s subjc(‘U'd to torsion, we see, in the first place, that in the lai*ger bar the number 
of fibri's in the portion of the section refent'd to is greater than the number in a similar 
])ortion of the smaller bar, in proportion ns the square of the one diameter, or total area 
of the larger, cxc('i*«ls that of the smaller. Again, in the larger bar the leverage of the 
■ii't of lihix's to rcsi-st the scrcM’ elongation, or the amount of the tdongation which they 
have to undergo, <'xeeed.s that of the smaller in proportion as the one diameter exceeds 
til " otlier. Then-fore, ujion the whole, we must eonelude, as before, that the resistance 
of tie; larger to torsion is to that of tlie smaller as the cube of the one diameter is to that 
of the other. 

The same prineiples of reasoning applj' equally to other than cireular forms of sec¬ 
tion The torsive strengths of square bars follow the same law; and those of any other 
forms, provided they lx* similar or have all their corresponding parts proportional. In 
comparing hors of <-ircular witli those of square section 
of e<junl diameter (Fig. 94) wc n*adily see tliat the tor¬ 
sive strength of the sijuarc must exceed tlie other, not 
OT.ly on aeeount of the sipiare having the larger area, and 
therefori! the greater number of fibres nr points of cohe¬ 
sion, hut also lieunuac the additional area is situated at 
places farther from the rentre, and therefore resisting with 
more levemgc than any parts of the circular section. 

On the other hand, wc observe that while all the fibn-s 
of the circular section arc siipporti'd against being 
forced aside hy those around them, the fibres in the 
angles of tlio square section are not so supported, and 
may lie expected to yield more readily to the twisting 
force. Upon the whole it has been found that the torsive strength of the square section is 
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I about one>fbiirth gruatcr than that of tho cin;iilar. Aa the dUtancc of any fibre from the | 
centre contributes much to its nesting power, it may be advantageous to nmovu some i 
of the material of a shaft from the inside, where it is of little value to resist torsion, and i 
place it on the outside, where it acts with greatly increased leverage. On this principle, 
hollow or tubular shafts prt'sent the advantagi' of et'onomizing material and sc'ouring 
.strength with lightness; for each of the fibres in tlio ring section of a tube has so much { 
I greater levemgt' than tliose towards the centre of a shaft, that their number, and consc- ; 
I ipiently the st'ctional area of tlic ring, may be considerably diminished without lessening j 
I the torsive stnmgth. , 

I From a number of experiments made with a view of ascertaining the torsive strength j 
‘ of diffi'rcnt materials, we art' enabled to compile a table from whirh the strength of a 
! vhaft of given materials and dimensions may be calculaU'd; or, conversely, tJje dimen- | 
' >ions may be computed of a shaft di'stincd to sustain a givtu torsive strain. The table, 

! rol. 2, gives the weight in pounds plnt'od at the end of a lever i f*H)t long, whiehncj’lin- ; 
I ilrieal shaft, 1 inch in diameter, will permanently sustain w'ithout injur}'; and the fol- 
! lowing rules cmliody the methods of romputing the torsive stn'ngths of other shafts, 
according to their diameU'r. 

! I. Given the diameter of a cylindrical shaft and the length of lever at which the ' 

! twisting weight acts, to find w'hat weight it will ]H‘mianently sustain. 

Jtutf _^Multiply the number in the table three times by the diameter (in iml!eH\ and 

. divide by the length of lever (in fivt). ! 

1 ExaiapU 1.—Required tho strain that can be applied at the end of a lever 2 feet , 

I I'ln" to turn a cast-iron shaft 4 incho.'« in diameter. 

I 3 30 X 4 _ JO J ^ 

i 2 » ♦ . . 

! Fr itt Pr^^ 2-—*■‘*1’^’ round a pulley 3 feet in diamet«'i-, ti\i‘d to a gim-ineUl i 

s-dndlo 2J inches in diameter; required the weight that may be attn Jjed to the rojM-. ‘ 
i the diameter of the pulley is 3 feet, the leverage ot the weight 1J it.; ui.d 

; 170 X 21 X 21 X 21 _ j-.j jQ 

1., _ * j 

! II. When the shaft has a square section. i 

j Add ith to the weight. ! 

1 ExampU 3.—Required the weight that may be hung to a levoi d feet l.,ng, fi.\ed to | 

j a wTought-iron (English) square shaft 2 inches broad. 

t 5 


Addi=:134„ j 

670 lbs. nearly 6 cwt. ! 

III. Given the weight and lever, to find the diameter of a cylindrical shaft. \ 

Multiply the weight (in lbs.) by the length of lever (in feet), divide by tho | 
n^ber in the table, and extract the cube root for tho diameter (in inches). 

Example 4.—A cast-stccl spindle has to withsUud tho towion of d tons at the cud 
of a lever H feet long : required its diameter. 

6 tons = 11,200 lbs., and - - .y-— = lo2 nearly. 

The cube root of 152 i* nhont 5-3 inchfs. 
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IV. Whun the shaft is square. j 

Ride .—Multiply the weight hy the lever, divide by the tabular number, deduct ^th 
j of the result, and extract the cube root. 

j EzamfU 5. —A square shaft of English wrnughi-ittm has to sustain 6 cwt. at the 
end of a lever 5 feet long; requiriKl the breadth. 

i 6 cwt. = 672 Ihs. X 5 

! 335 — 

Deduct Jth = 2 

8 , cube root 2 inches. 

Table of torsive atrenyths of cylindrieal shafts 1 inch diameter ; tceiyhts aeting at 


1 

1 

1 foot leverage. 


1 Name of 

Permanent 

Name of 

Permanent 

1 iii.iterial. 

load. 

material. 

load. ^ 

1 Brass . . . . 

150 lbs. 

Lead , 

34 lbs. 

1 Copper . . . . 

135 „ 

Steel (blister) 

. 560 „ 

j Gun-metal 

170 „ 

Steel (cost). 

. 590 „ 

• Iron (wrought, English) 

:J35 „ 

Steel (shear) 

. 570 „ 

Iron (wrought, Swedisli) . 

320 „ 

Tin . 

47 „ 

Iron (cast) 

.‘130 „ 



The table and niles apply 

only to eases 

where a simple regular strain is applied. 


Will'll shafts or spindles aie intended to convey motion to machinery, they are generally ) 


Mibjected to gn-at irregularities of torsive strain; and though they may only convey 
; iitiuM ihe whole a certain power, yet at different periods of their revolution they may be 
. 'Oihjeeted to strains ranging from nothing up to many times the average strain due to 
I liu* power they e.onvey. If we consider for a moment the conditions under which the 
I I rank-hhnft of .a steam-engine rotates, we shall see the great variation of strain to which 
j ;t IS. exiJosed. At two points of each revolution, what are technically called the dcad- 
! < I'ntres, the steam ]iowi'r ha.s no effect to turn the shaft round; but, on the contrary, the 
; momentum stored up in the fly-wheel turns the shaft, and through it gives movement to 
I i lie parts of the engine. At two other points, when the connecting-rod of the engine is 
\ acting in the most favourable ]>ositiou, the shaft receives a torsive strain through the 
I rank greater than the total pressure of the steam on the piston; and the amount of this 
strain depends on the total sti'am-prinisure on the piston, the obliquity of the connecting- 
rod, and the length of the crank. But all machinery is besides subject to accidental 
iiTegularities of strain. For instance, in the engines of a steam-vessel propelled by 
I jtaddlc-wheels, sometimes in a heavy sea, while the engines and paddles arc moving at 
I full speed, a wave strikes one paddle and suddenly immerses it to a great depth in 
water, so os at once to retard its rotation. The shock thus communicated to the engine 
through the shaft which drives the paddle is enormous, and occasionally more than 100 
t imes the average force passing through the shaft. It is, therefore, essential to make I 
all shafts intended to communicate imwcr of much greater strength than what is due to i 
the mere average strain passing through them. The power that is communicated 
through any shaft is generally reckoned in horse-power; and as power consists of two 
elements—pressure or weight moved, and the velocity or siieed with which it is moved— 
it is necessary to ascertain not only the power passing through a certain shaft, but also 
the {qiecd with which that shaft rotates, or the number of revolutions it ma||e8 in a 
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giron timOf such as a minute, before we con oomputt^ the strain to which it is subjected, 
and the dimensions of which it should b« made. The more quickly a shaft riitates in 
communicating a certain power, the less is the tonivc strain to which it is subjoctod, for 
power is pressure or strain multiplied by velocity; and if to produce a certain power the 
velocity be inrreiu.'d, the strain must bo proportionally diminished. The shafts of 
engines, and machinery connected with them, are generally made of wrought or cast- 
iron. As wruiight-imii is more flexible and tenacious than cast-iron, it is less subject to 
fracture by sudden variations of strain, and is therefore preferable to cast-iron for shafts, 
and may bo made considerably lighter. Agitin, the shafts which communicate thi> tirst 
effort of the power from th’» steam-pressure to the fly-wheel ar«> subjected to much 
gn?ater variations of strain than tlvne which communicate the power afterwanls from 
the fly-wheel shaft t» other machinery. It is, therefore, advisable b> give the ftrst 
I shafts, or prim' movers as th"y are called, greater strength than is necessary for second 
i ra is'crs. Practical men generally make th<* prim ' movi'rs about twice as strong as th" 

I stfeoud movers; and the following rules embody the modes of computing dimensions (*!’ 

I shafts for conveying given p<jwer at giv(*n velo<‘ity. 

t 1. For wnmght-iron prime mivors, giwu tl»e horse-power, and the number of revo¬ 
lutions ivr minute, to ascertain the diameter. 

\ Jlufe. —I)ivid*> the power by the velocity, extract the cube nwt of the quoti«‘nt, ami 

, multiply by 7, for tlie diameter in incht. .s. 

Etample 1.—Re«|iured the diameter of a wrought-inm prim'’-moving shaft for 10(i 
horse-power, making 20 revolutions per minute. 


} 


—' cube root 1*7 inches and 7 X l*7 = ir9, nearlv 12 inches. 
20 


2. For cast-iron prime movers. 

Itute .—Divide the power by the velocity, and take 7’ time.s the cube root of th- 
quotjknt. 

Stttnpfi' 2.—Required the diameter of a cast-iron prime-moving shaft for 50 hors 
power at 25 revolutions jwr minute. 

^0 

.jr =: 2, eulio root 1'26 X 7-1 = 9'45 or'Jl inches. 

3 . For wrought-iron second mrtvers. [ 

Rule. —^Divide power by velocity, and take times the cube root of the quotient. 
Example 3.—Required the dtameter of a wruiight-iron second mover for 40 horst - 

I power at lo rcvuluthms per minute. 

40 

, , = 2‘C, cube root T l X 5i = 7'7 or 7? inches. ! 

4. For cast-iron second movers. { 

/*«/(..—Divide power by velocity, and take G times the cuIms root of the quotient. 

„ Kx’tmple 4.—Required the diameter of a cast-iron second mover for 30 horse-power j 

at 3G revolutions per minute. • 

«»n ' 

— = 0‘6, cube root 0*87 X 6 = ^*22 or 5| inches. I 

36 I 

For shafts under very regular strain, and distantly connected with tho prime mover, ^ 
I the multijdicrs may bo for wrought-iron 5, and for cast-iron 5^. I 


CLIPPING OE SHEABIKO 8TBAIN. 


305 


Tho dimcnsioiu computed by the above rules are those of the ureakest part of the 
shafts. When shafts arc of groat lengthy or have great weights, such as fly-wheels, 
and the like, fixed upon them, they are subject to tho deflection due to transverse strain. 
This deflection in a revolving shaft is an important element of weakness, for it continually 
changes in direction as the one side or other of the shaft is uppermost, and thus subjects 
the material to all the degradation of alternate strains in opposite directions^ In break¬ 
ing a piece of wire, it is not imusual to bend it backwards and forwards until its tenacity 
is quite destroyed. The same kind of action occurs in a shaft too light for its length, or 
for tho weight it bears, and gradually lessens its tenacity and deprives tho fibres of their 
continuous texture. For such cases tlio strengths should be made considerably in excess 
of w'hat they arc computed to be. In tliis, as in numerous other instances, expeiimcc 
must he the guide of the practical mechanic in the absence of set rules. 

5. Clipping ox Sheaxing Stxain, —The strain which a body undergoes when 
it is divided across by means of sbenrs, or 
any instrument consisting of two blades 
that pass one another like those of a scis^^urs 
or shears, is of a kind ver^' distinct from 
any of tho other strains which wo have 
discussed. Under tensive strain, the fibres 
arc tom asunder by a force in llie direction 
of their length; under comprc-ssivc strain 
they are forced o ut of their place, and have 
their lateral cohesion destroyed; under 
transverse strain they are subject'd partly 
to ctmipressi on and puiily to extension ; 
under torsive strain tln'v are I'Xtended in a 
sen'W or spiral direction; hut under the 
flipping strain tlie particles arc f«»reed 
across each other, as we have described in 
ciideavrmring to investigate torsive strain on 
tile principle of shearing. 

Besides actual clipping by instninients 
for the purpose, there are various circumstances under which materials may be 
I xposed to a strain of a similar character. In punching holes in a plate of metal, a 

similar action takes place. 
The punch (Fig. 95) is a 
piece of steel, the end of 
which is made of the size 
and shape of tho hole to 
be punched, the edges 
being keen and not 
rounded off; tho matrix 
is a block of steel, or iron 
faced with steel, having 
a hole such as is to he 
punched, with edges also 
keen. Tho punch and 
the matrix are so adjusted that the former shall pass exactly into the latter; and a 





Fig. 95. 





Fig. 96. 
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plate of metal being jJact'd on the matrix while the punch ia up, has a hole pierced in it 
by its descent—the piece of metal being punched or pressed down into the hole of the 
matrix. When the edges of the punch and matrix are keen, and they accurately 
fit each other, the metal of the plate is shorn cleanly round the circumference of the 
hole; and force required to effect the operation appeare to bo the same as would 
be required ro shear a plate of the same material and thtekness as that punched, over a 
length equal to that of the circumference of the bole. 

Another cxampli'* of abtwing strain tH'4<urring in practice, is that to which the pins 
I uniting the limbs of a chain arc subject (Fig. 9f»)'. If the joint con.«iist of single limbs 
I united by a pin, a strain applied to the limb longitudinally tends to shear the pin at ross 
I at one place. 

i If the links be double and single ah<‘niatoly, the pin is exposed to l»e shorn at two 
. jilact's; where the links are three and two alternately, the shearing must take place at 
j four places; and, generally, whati'ver be thi' ntiraWr of links embracing eacdi other at 
l>oth sides, the niuulH'r of ])laees at which the pin must be sliom is tlinible the smaller 
number of links. We naturally conclude that, if a certain power be- requin-d to shear 
, a pin at one place, it would require doulde the r»»rce to shear it at two, triple at three, 
and soon, an additional force being required for each loMitionnl sepumtion of the sitb- 
stanee made. I’raetically, this is found to be true. CarrA'ini; the same reasoning to 
the consideration of the strains required for shearing pin.-* of ditferent sizi-s, we eoiu-luile 
that if wc double the area of si’ction—that is, the siirfar-e where the se]»amtion is 
j effected or the number of fibres shorn—we have to double the* force neet-ssurj' to shear 
I it. We therefore conclude tliat the strength to n‘sUt shearing, or the fun e requiriMl to 
! .shear, is proportional to the area of the IxkIv shorn at the phwe where the separation is 
I effected : and hen*, also, our reasoning is home out by fX|M*riinent. A pin of iron 2 ms. 

> in diameter requires 4 times tliu forci* to shear it that a pin 1 in. in dianfeti-r n'liuires, 

' liccause the area of a circle 2 ins. is 4 times, or 2 X 2 times, the area of a circle 1 in. 
in diameter. 

; It is not uncommon in machinery to couple two rorls A and II in the manner indi- 
i eated in Fig. 97. The ends of the rods lieing turned truly eylindrical, and a sotket C 
j bored to fit on them, the ends are i:i.st>iH*d in the soi'ket, and keys I) and E ore driven 
into slits cut through tlie socket and the rods. On a gn‘at longitudinal strain being 
• applied to the rod.s, so as to pull them out of the siK'kct, fracture may occur in one of 
the following ways:— 

1 . Either of the rods, or the socket itself, may give way under the effort of direct 
' tension; and if ao, they must yield at the weakest plat'o, which is manifestly wlierc the 

keys pass through them, part of their sectional area being uecu]«it>d by the keys, which 
add nothing to the ftohesive strength. 

2 . Either of the keys may bo shorn aeixiss at the two places where they leave the 
socket and enter the rods. 

8 . Either of the roda may have the material between the key and ita end drawn out 
j so aa to leave an opening F, the material forced out being punched or ahum at botli 
jr- sides by the strain on the key. 

I 4. Either end of the socket may have the material at G drawn out in a similar 
j way. 

j Now, if the material he of the same quality throughout, the strength to resist 
j fracture in the 2nd, 3rd, and 4th ways may l>c equalised, bci-ausc they arc all shearing 
j Strains of the same kind, and we have only to make the several areas of the parts that 
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would bo shorn all equal; that is to say, tho sectional aiva of each key should be equal 
to that of the end part F of each rod, because the shdaring would separate two surfaces 



in cither case; and the area of the part 
G of the socket need be only half that, 
because four surfaces would be separated. 
But wo have as yet established no re¬ 
lation between the s^ngth to resist 
tensive strain and that to resist shear¬ 
ing, and cannot therefore, without fur¬ 
ther information, compute the propor¬ 



tional strength of the 
effective transverse 
sections of the rods 
and socket where the 
keys pass through 
them. The truth is, 
that very few expe- 
1 iinents have been 
made u^wn the 



stiength of ma¬ 
terials to resist a 
shearing strain; 
such as have been 
made with mal¬ 
leable iron seem 
to show that it is 
precisely equal to 



the streng^ to 
resist tension, 
and we believe 
that with other 
materials this 
law may be 
very safely as- 


FiR. 97. 


Slimed. As the 


tensive strength is also proportional to tlie area of section, the areas to resist equal 
tensive and shearing strains should be equal. Acrordingly, wo should make tho trans¬ 
verse sections of the rods and socket such that the area of each pait, on cither side of 


the key, shall he equal to the transverse section of tho key; for 
the key would be shorn at two places, and the rod or socket 
would bo pulled asunder at tho two places on cither side of the 
key. On examining tho figure, it will at once suggest itself that 
the kej's should ho made narrow and broad (measuring the hi'cadth 
in the direction of the rods Icngthwaj’s), so as to trench as littls 
as possible upon tho sectional area of the socket and rods. 

Although for round or square pins or bars tlie law that tho ^ 

strength to resist shearing is very nearly the same as tho cohesive 
Btrcngth, yet then* is little doubt that by increasing the depth of a bar exposed tn be 
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sborn, the breadth being diminished so as to retain the same area, the strength ia mate- 
rially increased. If we placed a bar of iron having 3 ins. X I in. of sectional area 
under a diearing strain edgeways, it would certainly resist more than when placed 
aideways. We ore not aware, however, that experimenta have been made to a sufficient 
extent to warrant us in laying down any law as to this. 

In practice no material error will arise from the assumption of the simple law wo 
bave already stated; and if strengths to resist shearing be calculated oceonliiig to it, let 
_ the mechanic, as for as he can, contrive to bring the shearing strain against the grcate.it 
! depth, and ho will certainly bo safe against fracture from this cause'. 

! In punching a hole in metal, the surface of the separation prrMliice<l is the circum- 

• feronce of the hole multiplied by the thickness or depth ; and the resisting force shnuM 
be equivalent to the tensive strength of a bar of the same material having a sectional 
area equal to the surface of separation. Thus, in estimating the foret* required to punch 
a circular hole I inch in diameter through a idate of malleable iron Ith of an inch thick, 
wc should reckon the circumference of a circle 1 inch in diameter is 3-1416 inches; 

I multipl}4ng by the thickness, ^th of an inch, we have the area of the surface of separation, 

I 3*3562; and therefore the strength to resist the punching is that of a bar of iron having 
! a sectional area of 2*3502 square inches to resist fracture by tensive strain. The weiirht 
j required to tear a.snndor a bar of iron I square inch in 84‘ctional an‘a, is found by experi- 

• ment to be about 26 tons; and the weight to tear asunder 2*3o62 sqtian* inches w<nild 
i therefore be about 61 tons, which w(! reckon as the force required for punciffng theht'le 
! such as we have described. 

■ The subject of shearing strain is, upon the whole, somewhat obscure. The experi- 
I ments have been few, and made rather with a view to the solution of other qtjcstiom 
( than the detennination of a law as to this strain. We would therefore caution tin* 
practical man against placing too much dependence on any computations made in reaper t 
of it. Where be is in doubt, and bos no ettae praetic.ally carried out to whir h he niny 
refer, it is far betbT that he should make experiments fi>r himself; r>r, in the abs<;nce of 
data which be might deduce from them, at lua.at he should make his work rather in 
excess of strength than otherwise. Great evils may often result from the execution of 
‘ work where the dimensions <ire too closely approximated to the results of ealctilation ns 
; to strains and strength. These evils arc of an uncertain character—they may occur 
unexpectedly, under drcumstanccs that aggravate the mischief they may cause; gn>at 
expense may be incurred, limbs may be broken, life may tic endangered or destroyed, 
and all because material has been grudgingly employed or disproportionally applied. 
But when strength is pven in excess to any structure intended to be permanent, tlie ! 
-first evil, that of additional cost, is the only one—it is known as to amount, is undei • ; 
gone, and appears not again—and the artificer has the satisfaction of thinking that if J 
I difficMilties or dangers arise during the use of the work he has contrived and formed, it ' 
I must be from adventitious causes for which he cannot Ih: held blameablc. 

I Indeed, the whole subject of strength of materials is in on unsatisfactory state. 
Every new experiment made, every new work completed, adds somewhat to our prac¬ 
tical knowled^ in this department of mechanics. But so long as the materials wo use 
vary in quality, are wanting in uniformity, and are subject to the changes which 
moisture, temperature, and other circumstances impose upon them, so long must wo 
remain incapable of estimating correctly their strengths for any particular purposes, and 
so long must wc he prepared to make largo allowances for all such variations and for 
contingencies which do not always readily suggest themselves. 
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SOURCES OF MECHANICAL POWER. 

The principal sources of power may be classed under four heads. 

1. Muscular power of men and animals. 

2. Natural movements of air and water. 

3. Weight and elasticity of bodies. 

4. Heat, electricity, magnetism, and chemical action. 

1. KttacttlM Fowes of BEen Mkd Animals. —It is not our province to discuss 
the mode in which tho muscles of men and animals arc put in action. This is a 
(iuustion which belongs to the physiologist. Suffice it to say, that the mechanism of 
iiiiiinal structure is of that most perfect kind, which characterizes all tlic works of Him 
who designed and executed it. The simple effort of u'ill, or whatever that particular 
nientul faculty be called, appears to communicate itself through the nerves which per> 
vade the whole animal frame like a network of electric wires, and to operate 
immediately on the muscular tissue. The muscles, so far as we understand their nature, 
appear to have no innate force of their own, but are merely organized instruments 
put in aution by the nervous influence transmitted to them by the nerves, just as tho 
index of an electric-telegraph is perfectly inert until it is dcflcctc‘d one way or other by 
Itie subtile magnetic influence transmitted to it through the electrie-wirc. Notwith¬ 
standing the iinmensc variety of movements of which the different parts of the animal 
frame are oapablo, the action of tho muscles which cffi'ct tiiose movements is of one 
kind only—coTitraction in length, accompanied by expansion in diameter. 

The eyes are cau.sed to rotate in their soekeLs, ami their focus as optical instruments 
is varied; the lips, tho tongue, the throat, and the jaws are moved so os to give voice to I 
musical notes and .‘uliculate language; the shoulders, arms, wrists, hands, and fingers 
are put in motion so os to enable man to lift heavy weights, or to manipulate with 
i.onsuiuiuate delicacy; the back, biidy, the legs and feet arc moved so that man may 
walk, run or leap, row, or perform feats of strength and agility. And yet cA’ery one of 
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these motions is effected by tho longitudinal contractions of muscles under the nervous 
influence of volition. The frame-work of this exquisite machinery is tho skeleton, con¬ 
sisting of numerous bones joined together. The form, lengtli, strength, and situation 
of everj' bone have been devised with most minute care to suit their particular objects. 
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Each bone playa the part of a bi>am, and haa attached to it a tendon or strong cord near 
its joint or fulcmm. This tt'nd tn is the end or continiution of a bundle of fleshy fibrt's, 
which constitute a mTuclo, fixed at tho opposite end to some other part of the frame- 
wmh; and as these fibres contract in length under tho nervous influence, tho tendon ur 
oord is pulUid, and tho bone or lever caused t4» move round its joint or fitleriini. 

We may suppose A1) (Fig. 99) to reprosent a fixed bar, having a joint at B fitted 
with a lever B C, fptm the extremity of which a weight is suspended; and I) E a cord 
fixed at D to the b:»r A B, and at £ to the lever B €. By shortoiing the cord D E we 
cause the lever to turn about its fulcrum B, to some such position os that tnarki'd by the 



dotted lines E' C'. So in the human arm (Fig. 100), the upper bone is the bar jointed 
at the dhow; the radius bone U'rininates by the hiuiil, in which a weight may h - 
placed; the eonl is the bieeps muscle, fixetl at the upiH'r end, and tennin.tting at thi- 
lower end in a tendon, which is fixes! to the nidiii'*. Tho longitudinal contraction 
of this ntiiscU* pulU thr> tendon, and thus causes tlic radius to turn ufK>u tho elbow - 
joint, and raise the weight at its extremity. 

Besides tlic direct movement of the iMines os lovers, suidi as w'c have desml»ed, 
there are numerous m>difi.d motions, sideways f>r rotatory, w’hich an* all effected by tii * 
contraction of muscles spiTtally arranged for their respeetivu purposes. F<ir instaiici>. 
in order to turn the hand upside down, it is necessary to make tho ann rotate or turn 
upon its axis. This is cffi'ctcd by muscles placed spirally round tbu htmes of the arm. 
By diminishing tho length of one of tlie.so, tho bones are caused to twist round. And 
8<i for every movement of every part of tho frame, a special muscle is provided so as to 
effect the required motion by simple contraction. 

Tho force or contracting energy of some of these miucle.s is enormous, as may readily 
bo liclicved, when it is rcmcmticrcd that they are attached to the short end of a losing 
lever, and yet arc capable of sustaining great weights at tho extreme end, where the 
weight acts with immense leverage. 

^ ijome of the muscles arc not placed exclusively under the control of tho will, but act 
regularly without any effort of volition. Such arc tho mnsidcs which effect tho action 
of the heart and organs of respiration. Some muscles, again, seem to bo put in action 
by on effort of will of which wo are not conscious. Such are those of the eye to direid 
and focus it, and those of tho tongue, mouth, and throat in speaking. Although we will 
to speak or articulate certain sounds, wo never think of tho particular muscles that wc 
must put in action in order to effect the ortioulation doairod, Bo in walking and other 
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actions which have become familiar by habit, no thought is given to the special mus¬ 
cular movements required. It seems to bo enough to will to walk, and the muscles 
obey. It is only when fatigue and exhaustion render their exercise painful, that we 
have to employ special acts of volition in order to effect our purpose. 

In making use of muscular power os a moving force, it is important to call into 
exorcise those muscles which require the least effort of wUl for their movement, and to 
apply thorn in the way least calculated to fatigue. The animals chiefly lemployed—the 
horse, the ox, and the camel—can only be used in particular ways, as for bearing and 
dragg^g loads. The horse and the ox are best adapted for dragging, os neither of them 
is capable of sustaining great weights. The camel, on the other hand, moves with 
facility under a very considerable load placed upon its back. The elephant is employed 
in tropical countries both for carrying and dragging, and appears to have enormous 
strength for either purpose. When human power is employed it may be exercised in 
various ways. The operation in which man seems capable of exerting the greatest 
power for the longest period is that of rowing. In moving the oar against the resist¬ 
ance of the water, almost every muscle of the body is called into operation. The spine, 
bent forwards in the back-stroke, is thrown back as the pull is taken, the shoulders and 
arms are also thrown back, the legs are stiffened against the foot-l>oard, and thus 
immense power is applitid to the oar without excessively straining any one or two par¬ 
ticular muscles. In excavating earth or clay, conveying loads up steep inclinations by 
a wheelbarrow, and generally in the operations for which navigators are employed, a 
large amount of power is developed. Tlio muscular frames of these men, aqd their long 
])ractice in particular operations requiring great strength, enable them to continue for 
long pc'riods at work without much fatigue; and to one watching minutely their mode 
of working, while there is little appearance of effort, yet there is manifest a regulated 
play of the muscles, and a sort of contrivance for doing the work with the least possible 
movement,—^whieh indicate that every one of these muscular movements is a result of 
h.abit, without the need for a special effort of will. 

In pumping, os in rowing, numerous muscle's arc exercised, and accordingly this 
kind of labour can bo <‘ontiniiod for a long {Miriod. There is, however, a monotony 
about the operation, and a want of visible cffee.t to satisfy the mind of the workman, 
which tond to make him weary of his work. In rowing a boat, excavating, lifting or 
moving a load, there is a visible progress made, and the workman has a satisfaction in 
observing the change effected by his exertion, and can reckon his advance and the 
amount still remaining to be done; but in the continuous discharge of a body of water 
from a pump, drawn probably fhnn an unseen source, and flowing into an unsocn 
resi^rvoir, or into one so large that additions U^its contents produce no visible effect, 
there is nothing to reckon by, no progress apparent; and the workman accordingly 
becomes fatigued, more from want of mental satisfaction than from actual weariness of 
body. It is true tliat cases frequently occur whore seamen and passengers on board a 
leaky vessel work for many days continuously at the pumps. But in such a case, life is 
at stake; and the excitement of danger, fear of death, and hope of oafety, are impulses 
to exertion capable of overcoming much bodily fatigue and mental lassitude. lu all 
operations demanding manual labour, it is good economy to let the workman see the 
effect of his efforts: let his mind bo satisfl^, and his bixly will the longer withstand 
fiitigue. Where labour is tisoci os a punishment, it is certainly an aggravation of the 
penalty to moke the labour of a kind that manifests no result. The perpetual walking 
up the rounds of a treadmill, or perpetual turning a winch to drive unseen machinery. 
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i« tlierefoTO a penal labour of a moat aerere character, although the actual muacular 
. exottion which either demands is not great. 

I As rotatory motion ie generally that kind of morcment best applicablo to machinery, 

I being most easily modified in direction and velocity, labour at the winch is the kind of 
I exsition chiefly used. Before 8team>niachinory became common, the number 

I of operations effected by manual labour was very much greater thau it is now. At 
1 present, except for special purposes—such as driving a printing-machine, or a tuming- 

■ lathe, whore the quantity of work to bo done would not warrant the application of 
I costly motive power— man nal labour at the winch is little used. Bugincers of the last 
I generation, with whom human and animal lal>our was an important consideration as a 
' source of motive power, devoted considerable care to experiments as to the best modes 

of applying it, and tho quantity of power dcvclojied. Thu nixun result of their di'duc- j 
: turns was, that in moving machinery the power of a hnrM was on the average e(|uiva* 

; lent to a weight of 33,000 lbs. lifted 1 fi»ut high in 1 minute ; and this has accordingly 
bcmi adopted by engineers as a standard by which all powers, whether of steam-engines 
, or water or windmills, arc measured. 

I The power of a man is about one-fifth of that of a horse; that is to say, on the 
average a man can exert a power equivalent to the lifting of a weight 33,000 lbs. one 
I loot high in five minutes, or 6,600 lbs. one fiwt high in one minute. Theae estimates 
I ore not applicable to a single effort for a abort jicrioil, but to labour, such as could bo 
! sustained for hours daily, and continued on successive days. When the power of a man is 
j continuously applied to a winch, it should not bo estimated at mure than half that given 
1 above; that is to say, 3,300lbs. raised one foot high in one minute. It is found in 
practice that a man working a winch can for a considerable period move his hand 
through 120 feet per minute, exerting an average of 30 lbs. At some parts of the revo¬ 
lution of rfio winch he exerts more than double of this pressure, at other parts less than 
half; but, on the whole, tho mean pressure may be taken at 30 lbs. Now, 30 X 120 
gives a power of 3,600 lbs. raised one foot per minute, which is rather above the estimate 

■ of 3,300, which we have given above. If the radius of the M'lnch be 1 foot, the dia- i 
I meter of tho circle in which tho hand revolves is 2 feet, and its circumference Ojf- feet; 

' therefore he makes about 19 revolutions per minute, for 19 X Gif = 120 nearly. For a j 
short period he could turn the winch at the rate of 25 or 30 revolutions per miuute, and 
t exert an average pressure at tho handle of 40 lbs. to 50 lbs. But this high estimate 
JwiiilH only bo used in calculating when a weight is to be lifted during some minutes, 
and not when tiie work is constant. For driving nuu;hinery affording a constant resist- 
during several hours, the lower estimate of the man's power, vis. 3,300 lbs. raised 
one foot high in one minute, should bc«taken. 

' In carrying a load on his back, over level ground, a man can develop a power of 
about 8,000 lbs. moved over one foot in one minute. In caivying a load up a staircase his 
IHiwcr is equivalent to 2,000 lbs. lifted one foot high in one minute. In dragging a hand- 
1 cart on level ground his power is about 20,000 lbs. moved one foot in one minute. In 
I ro w i ng a boat the power developed is about 25,000 lbs. moved one foot in one minute, 
i For temporary efforts, tho following estimates have been madeA man con bear fiir 
I a short time, standmg still, about 300 llis. weight. He cau lift vcrticaUy about 280 lbs. 
He eati grasp by hts band with a pressure of about 100 lbs. 

Tho principal applications of manual labour are qpt those in which great force is 
required to bo developed. Dexterity and skill of manipulation are the quahties desired 
in a workman. As more and more progress is made in mechanics, so does the nocossity 
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for ompl(} 3 ring the bodily forces of men diminish. Indeed, a lai^e proportion of the 
skilled workmen now employed are engaged in merely watching the operation of self- 
acting machines. Machines are more rigorously true in the work they perform than the 
hand; but they are limited to the constant repetition of similar operations. They 
(nnnot set their work, adjust their own movements, or vary their efforts, as man can do; 
but in all these matters they may be controlled by man. It is not our province to 
inquire into the moral effect produced on workmen by the extended use of self-acting 
machincr)'. It is true that much of their corporal labour is saved, and that a vast deal 
more work is dono more economically; and necessaries and luxuries thus brought within 
the reach of millions who would else bo deprived of them. At the same time it must 
not be forgotten that the workman is to a certain extent degraded into a mere machine, 
only a littie elevated above that whoso operations ho watches and controls. Ho has no 
longer to acquire skill and dexterity in his craft—machinery does the woik better than 
ho could evci hope to do; he has not to think out the easiest and most effective methods 
i of performing it—for the machine does a certain kind of work, the material is placed on 
! it, the power is applied, and ho has only to look on. Farther, the kind of work about 
; which he is employed almost exclusively, is of the same unvarying character; and he is 
thus subjected to a monotony of occupation which leaves many intellectual faculties 
dormant. In former generations the millwright was a man conversant with machinery 
in general, and with the various operations required in its manufacture and application. 
He could make patterns, mould, forge, tnm and fashion timber and metal to his uses, 
and generally—we may say necessarily—was a man of intelligence and ingenuity. Now 
! w(> have pattern-makers, moulders, smiths, turners, fitters, and workmen for attending 
planing, screwing, slotting, punching, and other machines; all, in a manner, different 
trades, requiring no versatility of mechanical talent, and not even dexterity of hand. 

No doubt tlie vastly increased quantity of work is now dono in all the better style 
j for this subdivision of labour; but wo fear the moral and intellectual character of the 
I workman is considerably lowered. 

2. Natunl Mowements of JLlx mnd Wmtmx .—History affords us no infor¬ 
mation as to the period when, or the race by whom, the movements of the winds and 
' tides were convertt‘d into useful mechanical forces. Many savage nations, who for ages 
. could have had no intercourse with people more civilized than themselves, possess 
1 vesscb that float on the surface of the waters, impelled by the wind or the tidal currents 
of the sea and rivers, as well os by oars; and it is probable that the iilea of utilizing 
ihe motion of the wind or the current of the wrater has siiggostod itself to many separate 
indiridunls, without any communication among each other. The most simple mode of 
, applying the foivo of wind is that which is of most general use, the propulsion of vessels 
I on the water. The most casual observation of the natural effects of wind shows its 
{rreatcr power on large surfaces than on small ones; and a little reflection would offer a 
■ ivason for this, and suggest the extension of surface to receive the pressure of aerial 
I eurrents when gn*atcr force is sought to bo derived from them. A savage floating in 
his canoe finds that, by holding up the blade of his oar to catch the favourable breeze, 
j lie makes progress without effort; by holding up two oars, the velocity of his progress 
! is increased; and by stretching between the oars a mat or skin so as to increase largely 
j tlio surface on which the wind can press, the speed of his canoe is proportionally 
' niigmented. From the first rude notion of a sail, tlie steps of transition to the complex 
* rigging and arrangements of canvas in a first-rate man-of-war are easy and obvious; 
j indeed, in making use of wind-power for propelling vessels, there are only two points 
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requiring conaidemtion: those are, first, the quantity of the force developed or required; I 
and, aeocmdly, the direction in which it is to ho made to act. The amount of wind- j 
f<»ee depends upon the roloeity of its movement, and the quantity of surface on whicli I 
it acts. At first sight it m%ht appear, that by doubling the velocity of the wind wv | 
ahould double its pressure on a certain area: but this is by no means the case, for on 
doubling the velocity, the pressure is quadrupled; on tripling the velocity the pressure is 
increased nine times; and so on, the pressure being always proportioned to the square of 
the velocity, or the velocity multiplied by itself, (in a little consideration, this law 
becomes obvious, as we will endeavour to show. Ijet us suppose the air to consist of a | 
number of particles or molecules; even if it do not consist of actual solid particles, wc | 
may at all events suppose it to consist of a number of sepamU' masses, as small and ' 
light as wc please; and though rare and attenuated as eninpared with sidid ImmIios, yet 
certainly as much as they subject to the general laws which govern all matter. Now. > 
if we double the speed with which any one of these masses moves, we dmible the force j 
with which it strikes on any body placed in its way; if wc triple its Bi>ecd, we triple 
the force of its blow; and so on, the force being always exactly proportional to th‘- ' 
velocity when any one mass or particle is taken into account. But when wc extend \ 
our conception to the motion of an unlimiUHl num)>er of such particles, which consti- > 
tutes a continuous fiuid, wc ohservo that, by doubling the spot'd of the fluid's motion. ’ 
we double the numlier of masses striking any hotly opiMwed to it in a givtm time; by 
tripling the qteed wo triple the numlter striking; and so on, thti number of partieb's | 
striking, as well as the force of each, being proportional to the velocity of movement. | 
Upon the whole, then, the pressure on any surface, arising from a eontinuous series ’ 
of blows from masses of air, must bo as the force of each multiplied by the number in a i 
given time; and as on doubling the velotuty the number is doiibltHl, and the force i>r 
pressure is 2 X *2, or 4 times, on tripling the velocity the pressure is 3 X 3, or P timt'^. 
and BO on, the pressures being always, as we have stated above, pro]>ortional to thi* 
velocities multiplied by themselves or the sf[nan‘s of the vcdocitics. It is convenient to j 
estimate the pressnrea of wind currents on some unit of surface, sui h as one squan* font, i 
while the velocities are generally stated as Iteing at a certain number of mile.s pi>r hour. 
The following table gives the prc8.surcs per square foot of surface pnMlueed by winds of 
different degrees of strength, as distingtiishcd by their respmtivc nami^s, with tlic eor- 
reqwnding velocities in miles per hour. 

j 

Table of ike Velocitie* of Wind* in mUee per lumr^ and their prewure* in Ibt, j 

on a ourfaee of one »qitare foot. 


Hardly perceptible 

Miles 
per hour. 

1 

PreMiure. 

lbs. 

000.5 


Gentle breexu 

6 

0123 


Brisk gale 

10 

0-492 


Very brisk gale 

20 

1968 


High wind 

30 

4-429 


Very high 

40 

7-873 

• 

Storm 

60 

12-300 


Great storm . 

GO 

17-715 


Hurricane 

SO 

31-400 



The following is a simple rule for determining very nearly the prossnro per square 
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foot, when the velocity in miles per hour is known:—^Multiply the velocity by itself, 
halve the product, and point off two figures to the light. I 

Example 1.—Required the pressure of a wind blowing at 40 miles per hour. J 
40 X 40 = 1600; half is 800; pointing off 2 figures, wo have 8 lbs., which nearly j 
agrees with 7*873, the pressure in the table. 

Example 2.—Required the prossuro of a tempest at 70 miles per hour. 

70 

70 

2)4900 
24-50 lbs. 

I 

The pressure of a wind on any surface, such as a square foot, being known, it is easy : 
to estimate that on any other surface; for if, instead of 1 square foot, 2 square feet were | 
opposed to the wind, we sliuuld find the pressure doubled ; on 3 square feet it would • 
be tripled; and so on in regular pmjtortion. Knowing, then, the velocity of the wind, | 
we compute its pressure on any known sui-facc by multiplying the pressure on 1 square 
foot by the surface in square feet. Thus, if we wished to ascertain the pressure of a 
gale at 20 miles per hom* on a ship's sail 20 feet wide by 30 feet higli, since 20 X 30 = 
(iOO square feet of surface, and the pressun' of the gale on 1 square foot being nearly 
2 lbs., wu have 600 sq. ft. X ^ lbs. = 1200 lbs., the total pressure on the sail. 

'When the wind is mado use of as a moving force, the surface on which it blows 
must move W’ith it, for if it simply rested oppitsod to the air, it would sustain pressure 
but develop no monng force. Thu sail of a ship at anchor is certainly pressed on hy 
the w'ind, and tends to fun-o the vessel from its moorings; but until it does force it, no 
ni'iving ]M>wer is develo{)cd, for no motion is produced. Rut when a ship is in motion, | 
tile sail is, to a «-ertam c.\tent, going with the wind, and therefore receives a pressure 
due only to tlie excess of the velorit}’ of the wind over that of tlio ship. Suppose the 
wind were blowing at the rate of ten miles per hour, and the ship sailing before it at 
the rate of seven nuli-s per hour, the actual vidocity with which the wind strikes tlic 
sail is only three miles per hour, the difienmee between its rate and that of the ship. 
The pressure on the sail is, therefore, only that due to three miles per hour. If wo 
siipimsc, now, that tlio velocity of tho wind increased to twenty miles per hour, the 
8]K‘ed of the vessel propelled would also he increased probably to fourteen miles per 
hour, and tho pressure on the sail would be that due to six miles per hour, the excess of j 
twenty over fourteen. j 

Theoretically, as tho resistance to the vessel’s motion is that of the fluid in which it j 
moves, the pit'ssure duo to increased velocity should follow tho same law as that of the I 
wind, and tho example given above woiihl be a probable case. In practice, however, 
the form of the vessel, the disturbance of the surfa<‘c of the water, tho bagging of the 
sails under increased pressure, and other circumstances, affect tho regularity of tho laws 
of water«resistanco and wind*pressure so much, that we arc not in a condition to com¬ 
pute accurately tho ratio of the speed of the vessel to the velocity of tho wind. Were j 
tho sail of a vessel fixed in a middle position, and tho vessel it^ capable of moving | 
with equal ease in any direction, aa it would be if it wore mode quite circular instead of 
being long and narrow, the vcasel would bo propelled exactly in the direction in which 
the wind might blow. But as this result would by no means suit the views of men 
desiring to sail in somo particular direction, it is necessary to contrive the form of the 
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roMcl, and the poaidon of tho saila, ao that the pressure of the wind in one direction 
may be converted into a pressure in another dirccdon. The vessel is therefore made 

long and narrow, so that it may be subject to much leas 
V V f V V resistance from tho water when moving in die direction of 

I its length, than if it were to more aidowaya; the sails 

I are capable of being turned about to different angles 

with the length of tho vessel, so as to receive tlio wind 
obliquely; and, to direct the vessel and overcome any 

K-■ -S rv— —> tendency of the wind to blow the front or back part of tlio 

I H : I i vessel round out of its proper coursi>, a rudder or helm is 

fell 1 I mounted at the stem, to balance, by its resistance in the 

I water on one side or the other, the force tending to make 

^ ! I tho vessel deviate. When tho wind strikes on a surface 

1 i presented to it obliquely, its pressure is diminished. 

Suppose a certain surhicc five feet wide (Fie. 101) ex- 
J I jmsed directly to the wind, or at right angles to the 

I I direction of tho wind, tlic pressure on it may be con- 

! I i sidered to be made up «)f five pressures each on one f»»ot of 

i the width. But if the same surface be turned obliquely 

i i to the wind, so that while the surfot'O itstdf still remains 

I \\ ' fire feet wide, tho quantity of air intercepted is to Ik- 

riZVax > measured by three feet in w'idth, the length of tho line 

I r j I drawn at right angles to the direction of the wind inter- 

I 1 I , ^ eepted between paralb-ls to it from the extremities of the 

surface, then the pressure is only that on three feet of 
Fig. 101. surface. 

But besides the loss of surface from obliquity, there is also a loss in intensity of 
pressure. A column of a'ur AD 

(Fig. 102) striking a surface / 

exposed obliquely to it, would ,/ 

be reflected in D B, and press / 

upon the surface at right angles. 

The quantity of pressure com- - . . . . 

pared with what it would be if 
the surface were not oblique, is 

found by taking A D any length, / \ 

to represent the direct pressure, \ 

and drawing A C and D C \ 

parallel and perpendicular to the \ g 

oblique snr&ec. Then while 

A D measures the direct impulse, **’ 

(LD measures its effective impulse to move tho surface in tho direction D E, and 
A C m«.‘asures the loss from obliquity, or the amount of force expended parallel to 
tho oblique surface, and therefore not effective upon it. But, fiuther, it is seldom the 
CMS that the effective pressure of the wind on tho surface of a sail set obliquely to it is 
enjoyed directly. If A B (Fig. 103) represent the surface of the soil of a vessel, C D 
the direction of the wind, D E the direction of the vessel’s course, we may take C D 
any length, representing the force of tho wind; then C F, perpendicular to the sail. 




Fig. 101. 


Fig. 102. 
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mcasares its effectiro force on the sail, and the length of C G, parallel to D E, and 
intercepted by F G, 

▼hich ia perpendi- A 

ciilar to I) E, men- 

fliirea the effective _ 

force in the dircc- ^——-- , --— 

tion of the ahip’s _E 

course. Tho lino rx 

F G measures tho ./ 

effort of tho wind f 

to propel the vessel / j 

si<h* ways, or to make / 

whnt is technically / ^y'' j 

called leeway. / | 

AVc nmv take a - • 

nrnctical example n.s ir¬ 

on illustration of 


how the effective | 03 _ j 

impulse of the wind 

moybe computed;—A sail 20 feet wide and 20 high ia set with its edges directe 1 j 
to X.W. and S.E.; the wind blou's at 30 miles an hour from tho south, and the ' 
vessel sails due east with a speed of 10 miles per hour. Having drawn a plan of the 



vessel (Fig. 104), showing D C tho direction of the wind, and A B that of the sail, in tho 
first place from A and B wo draw parallels to D C, rutting off F 6, tho effective width 
of sail to receive tho wind. A B measures 20 feet, and F G would be foxmd to measure 
about 14 feet; therefore tho effective surface of tho soil is 14 width X 20 height = 280 
square fret. The vdocity of tho wind 30 miles per hour being represented by D C, its 
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▼dooity, rwolved perpendicularly to tho aail, ia moaaured by D H, about 21 miles per 
hour. This velocity, n^solred into D K, in the direction of tho vcasel’a course, becomes 
Id miles per hour, which is to the actual speed of the vessel, 10 miles, as 3 to 2. The 
pressure on the surfat'u of the sail is not that due to 21 miles per hour, the nu^asurement 
' of D H, because the vessel and sail arc continually escaping from the wind; but to tho 
excess of D 11 over tho speed of fscape, or tho same part of 21 as 5 (the excess of the 
wind’s velocity in D K over 10, the velocity of the vessel) is of 15, the wind’s velocity 
in D E. As 5 is |rd of 15, and 7 is |rd of 21, the eifeetive pressure on the sail is that 
due to 7 miles pt>r hour—aibout 0*245 lbs. per squan* foot. This multiplied by 2K0 
square feet, the etfectivc surface of the sail, gives 08] lbs. for the pressure tending to 
blow off the sail from the mast while the vessel » moving at 10 miles per hour. Were 
the motion of the vessel entirely obstructwl, the pressun* on the sail would Iw that due 
■ to 21 miles per hour, about 2j; lbs. per square foot, or 280 X = 630 lbs. I'he ten¬ 
dency of the wind ti» pn^duce leeway, or to force the veswl sideways fn>ni its cours«*. 
happens in this case to be the same as its dim-t fon'e, for K II is equal to 1) K. If the 
vessel bo 6 times as long as it is broad, tho resistance to its mov(‘ment sideways should 
be 6 times that to its direct movement, without taking into consideration the form of the 
\ part immersed. The shape, however, is made so a.s to offer as much re.sistancc as ftussiblc 
[ sideways; so that, under e<]ual impulses, the resistam-e Uj Hide-movement or leeway may 
probalffy be at least 10 times tliat to direct movemonl. It might l>e possible to com¬ 
pute the angle at which a soil should be set when Uie direetbm of wind and the couna* 
of the ve8B(*l ore given, so as to obtain the greatest possible eff<H:t. Hut as in practice 
1 the sails of a vessel are numerous and various in pc^sition and direction of action, it 

! would be difficult to apply such computation. A sailor, after a few* trials of liis vt'.4sel 
under ■ail, is able to estimate very eurre< tly the ongles of bis sail ami course w ith the 
( direction of tlic wind, so os to gi‘t the best effect. If the wind blow almost diioc tly 



ngainst llie ship, it is necessary to tack. If, for instance, in sailing from A to B (Fig. 
105^. tbe wind blew from B towards A. or nearlv so. tho vessel would bo steered In 
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various tacks or directions oblique to that of the wind, making progrew on the whole. 
The choice of those tacks, so as to got over the given distance with as little deviation as 
(lossiblc, or, at all events, to do it with the least possible loss of time, is an important 
part of the sailor’s art. 

The force of wind has occasionally been applied to moving bodies on land, but not 
in a manner that can be generally used. Some of the Arctic voyagers having to travel 
long distances in sledges over ice, have taken advantage of a favourable wind to propel 
i their vehicles by means of kites attached to them. Chariots have also been made with 
! i»uil8, so as to be propelled by wind along a road as ships arc propelled at sea. But the 
j nneertainty and variations of the wind render such applications of its power matters of 
j curious experiment rather than of practical utility. 

! For giving motion to machinery, windmills have been and still are very extensively 
I used. Engineers of the last generation di-votcd great attention to the construction of 
I windmills, and brought them to great perfection. ’Fho introduction of steam-power—a 
j power economi<’ttl, manageable, and always Ui be depended on—has, in a great measure, 
j superseded thait of wind os a mover of machinery. It is true that after the first cost of 
u windmill, the poM'<T is comparatively inexpensive; but it is so variable in intensity— 
i sometimes, when it is not required, exerting great force, and sometimes, when it may be 
! most wanti'd, totally ineffective—that it is gimerally preferable to apply a force, perhaps 
i i-onsiderably wore expensive in its production, but constant, steady, and completely 
I under control. 

i "NVindmills are of two kinds, horizontal and vertical. The former have been very 
little used, for it is found in 
]irae.tiee that they are by no 
means so etfeetive as the latter. 

The mode of constructing a 
horizontal windmill is like that 
I lejirisentod on Uie plan (Fig. 

lOfi), or pome miHlilication of 
■ the same principle of eonstruc- 
! tion A wheel mounted on 
I u vcrtieid axis or sliaft, and 
; ha\'ing fiat vanes or boards 
fitted round its circumference, 
is inclosed in a circular cosing, 
wMcb is fitted M’ith boards 
fixed obliquely, or in such 
lines as if produced inwards 
j v.-ould touch the cireumfercuco 
I of the wind-wheel. By this 
I arrangement the wind, from 
I whatever point it may blow, 
j causes the wheel to revolve in 
i the some direction. Part of 
the breeze passes between the 
oblique boards of the casing, and acts on the blades of the wheel; while part is intcr- 
I eepted by the boards, and cithw reflected inwards so as to propel the blades in the same 
I diroction, or reflected outwards so as not to act upon them in the opposite direction. 
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SooietiiiieB horisontal windmilk haro baea iiuid« with a oanng partially aunouud* 

ing the wind-wheel (Fig. 107)* 
and capable of being turned 
round by means of a vano, so as 
to permit the wind only to act on 
one side of the wheel, while the 
other is completely sheltered. 

The Tcrtical windmill, as is 
well known, oonsiats of an axle 
or shaft, nearly hurisontal, 
mounted in iK'unngs at the 
sunuuit of a tower, with four 
or mure blades or sails attached 
to it. These sails are set at 
on angle with the axis, so that 
, _, ^ when the wind blows directly 

on the face of the mill, its ob- 
^ ^ ' / lique action on the ssiils is re- 

eulved^nto two forces—one in 
^ ^ ^ the direction of tlie axis, ainl 

the otbir {ier{>euduular to it, 
Fift- t<>"* the direction in which the saili 

revolTC. Numerous experiments and computations wore madi* to determine tlie mtift 
advantageous angles for setting the sails, and their moit eil'ective forms and propor¬ 
tions. If we suppose 

the radius of a sail _ . . f 

divided into six equal " ® ' 

parts (Fig. 108), and \__/ _ S 

circles traced through j I’'* / 

the points of division, _'.j_/ '—— 

the velocity of each j / 

point in revolving is L-- -’ ^ 

proportional to the • 

part of its circle inter- \ . * 

cepted between two \ / ** / 

radii, or proportional _ ^ 

to its own radius, j ^ ;/ 

If, then, we make a v. 

scries of plans of the ^ 

sail at thc-sc different /TiX 

parts, wc SCO that fi 

as wc approach the / j fX 

centre we should in- \ 

crease the obliquity of , -pi imi 

the sail to its plane of 

motion, so as to allow for ita more slow escape sideways from the impulse of tho 
wind. Tho sails accordingly are not made flat surfruses inclined equally to tho plane of 
thdr revolution, but surfaces of varying inclination* somowhat like portions of screw 


3 


Fig. 108. 
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blades, twisting as it were from a certain obliquitf at their extremes to a greater j 
obliquity at the centre. The angles found most adv^itageous in practice arc given by 
the celebrated engineer Smeaton as follow, as well as those used by some other 
engineers:— 

Distance from centre . 1 .. 2 .. .3 .. 4 6 ,.6 

Inclination to plane of motion (Smeaton) 18^ .. 19’ .. IS"* .. 1(J’ .. 12A'’ .. 7" 

„ „ (otherwise).. 21’ .. 21’ .. 18“ .. 14’ .. 9’ ..3’ 

In the angles given by Smeaton, an irr<'gularity is observed in the first, which should j 
by tliporoticnl reasoning be greater than the second; whereas Smeaton makes it less. ' 
The following rule mjiy Ik* adopted a.s a very near approximation. To find the angle . 
at which the sail should he inclined to the plane of revolution at any distance from the • 
centre ;— i 

Multiply 18 twice by the distance from the centre, divide the product twice ' 
by the total radius, and subtract the qutitient from 23; the remainder is tho inclination i 
in degrec'8. i 

Example. —In n windmill 60 feet in diartetcr, required the inclination of the sail 
20 feet from the centre. 


Ili’re 30 feet Is tho tu^ nuliu.s, and 


18 X 20 X 20 
30 X 30 


= 8, which, subtraett*d from 23. 


gives lo', the angle of that point. 

Were wo to divide tlie radius 30 feet into G equal parts, and calculate the angles at 
encli jMjint, we should find them correspond nearly with the means of those given by 
Smeaton and others, as may lie seen by the following table :— 


• 

Parts 1 >friiduw .. ... | 

Distances <Tom centre . . | 

1 i <) ! 

I ' “ 1 

3 1 

1 

1 

sic 

5 feet : 10 f.rt i 

' 

15 feet 1 

1 20 feet j 

2*) fc('t 

i 

! 30 fret 

i ; 

Angles (Smcntoii) .j 

Angles ((*lhcr«) . 

IS’ ; 10' 

21* ■ 21’ 

IS’ 

18’ 



i ! 

3’ ' 

Means. 

21’ 20’ 

18^ 1 

1 15’ 1 

i lOj’ i 

1 

* 

Angli‘s by the rule. 

221“ r 21’ 

18.1“ 

15“ 1 

! 10.}’ 

1 1 

rr 

Diftt-rence from mean.s .... 

ir ! V 

’ 1 

1 

r . 

i 

1 0 

1 

■1 

O' ; 

1 


Having determined tho proper inclination of the sails at diffei'cnt distances from the* ! 
centre, it next becomes important to inquire how much of tho surface of the whole circle 
should be filled with soils. Mills are generally made with four strong wooden arms, or 
radii, fixed firmly in a central socket, and steadied and stil&ncd by tic-rods, connecting 
their extremities together, and with a projecting strut on the central boss. The width 
of each sail at the extreme should bo about half of the radius, so that in a mill 60 feet 
diameter, or 30 feet radius, each sail would be 15 feet wide at the extreme. The port 
of tho arm next the centre for about jfth of tho radius, that is 5 feet in the case supposed, 
is not fitted with sails, because the surface there is so little effective, as well fh>m its 
short leverage as from its obstructing tho wind reflected fh>m the head of the turret 
behind it. Tho width at tho inner end should be |rd of tho radius, or 10 feet. Tho 
surface of each sail is thorefore 312| square feet, and the total of the four is 3121 X 4 . 
= 1,250 square feet. * I 
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Thfi t(4al axes of a circle 60 feet in diameter is somewhat above 2,800 square feet, so [ 
that not half the surface of the circ ||0 is elothni with soils. There would bo no disodvan- > 
tage in extending the surface by making the sails broader, or more numerous, until it be> 
came Jths of the whole surface. Beyond this, additional sai1>surfa(>e is disadvantageous, ; 
for it appears to obstruct the free passage of the eumuits redeeted from the sails, and thus* ; 
■ clog their motions. It is found advantageous to arrange the surface of a sail somewhat i 
i in the proportions of the diagram (Fig. 109}, which represents the front view of i 
< *(inc saiL 



( If AC l)e ... no feet 

, Then A K . . . 2.) „ 

! • ADorEF. . . 10 „ 

I AB .5 ., 

} The covering of the surface, so as to catch the inii)ulHe of wind, formerly consisted , 
' of canvas fixed on a ndler at one side of the arm, on which il could he rolled like a win- ; 
! «’ow-bUnd; or from which it could ln> unndled so as to cover thi* whole sail, which was 
; filled in nvith wooden framing to support the canvas pnused agiiinst it by the wind. 
Sometimes the canvas, instead of Iwiiig in one sheet, was sulidivided into numiTous • 
separate sheets mounted on rollers; and apparatus was providi*d sf> that the canvas might j 
Itc wound on the rollers or unwound .'ll pleasure, while the mill was in motion. As tlie 
wind is exceedingly varialde, and a.s the quantity of work requireil of the mill also might 
vary to a considerable extent, it wan found necessary to provide some apparatus by which 
the mill might regulate itself, so that its velocity should not be excessive at one time 
and too ■mail at another. One niixle of effecting this object was to apply to the nia- 
chincrv of a mill a governor, like that ttf a steam-engine (which w'l* shall have occasion 
to dest^hc in detail hereafter). This governor consists of two heavy balls suspended 
from the summit of a vertical revolving spindle by jointed rods (Fig 110). The spindle 
licing at rest, the bolls hong close to it on each std( ; but on the spindle being caused to 
revolve rapidly, the balls, impelled by centrifugal force, fly away from the central axis, 
ns marked by the dotted linos. A system of levers and nids connected this apparatus 
with the sail-rollcra, so that when the balls flew outwards from increased velocity, the 
—;i» fffixe furled; a n*^ when they fell inwards from diminished speed of revolution, the 
^er« iitiftirW. The quantity of surfaco thus presented to the wind was adjusted to 
its SaasBf and a tolcraWy equable velocity of the machinery was attained. In some 
more recent mills on ingenious contrivance for regulating the surfheo of sail according 
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to the force of the wind has been BUcccssfuUy adopted. The sails consist of a framework 
filled in with lou- 
vrc'boaids hinged 
on pivot-pins near 

one of their cdgi», /mm ^jL \ 

and all connected /' U 

by levers and rods 

with aslidiiig-hosa _^ RI 

on the central axis jHA YV** 

of tlio windmill / N >'’ 

(Fig. 111). When/ 
the wind blows 

strongly against X^ M Ml vSk 

the louvro-boards, " jjljP y^/ \^J m ’mB" - 

it forces 

sitiou, and pa.‘<s(>8 

freely through the I {I 

openings between ^ I; I 

them. The surface p I'S' 

of the sails is thus 
diminished by the 

pxvssurc of the wind itself. To prevent its being too much diminished, the sliding-bojis 
I eonnccti-d with the lou\Te-boards is pressed upon, by a lever loaded by 
I a certaiii weight suflUeicnt to balnuci', a.s far os may be desirable, the 
pressurc tending to force aside the louvres, and thus to keep them, to 
a eeil.'lin e.xtont, up to their work. When the lo.ad on tlic mill—that 

/ is U» say, the quantity of work eflectexl by it—is varied, the weight 
may be varied accordingly; and thus the effoctiv** amount of surface 
I in the sails may be adjusted to the average* force of the wind, and the 
M'ork to be done by it. When the wind-force exceeds or falls short »)f 
its average, tlic gre.atcr or less inclination of the louvres very nearly 
^ compensates for the variation. 

The sails of a M'indniill should directly face the wind in order 
receive its most advantageous action; but, as the direction of the 
y wind often changes, it is necessary to adopt some arrangement for 
varj'ing that of the mill-shaft accordingly. The summit of the mill- 
tower, in which the mill-shaft is mounted, is therefore made to re- 
W ,'' ' volvc, so that at any time the direction of the shaft may be varied, and 

^ presented to tlic wind. In old mills, and indeed in many 

. small mills still existing, this change of direction is effected by hand, j 
M 1 A long lover is fixed to the moveable cap or summit of the tower, and | 

I extends obliquely to the ground. The miller watches the direction ' 
w 'of the 'vrind, and by moving this lever turns tho cap round to its 

Fig. 111 . proper pbsition. But in largo mills this would require considerable 
power; and, moreover, constant attention would have to be paid to the changes of 
the wind. Were a single change neglected, the mill might be destroyed; for os the 
sails are made and strengthened by tio-rods to receive the wind's pressure on their 




Fig. 111. 
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face, a change of the wind t« the opgmitc dinvtion might throw a gr<*at struin on their 
back^ for meeting which no provision is made. A simple nin<le of making the change 
of direction aelf-neting, is to fit the hack of the cap with a lanre vane, which, like that 
of a weathcr-cixk, M*ould cause the sails to !>e pivsented to the wind from what¬ 
ever quarter it might blow. But when mills arc of considerahle sire, tho vane 
would reqiiin* to he very large and eumbrous. The contrivance gi*nemlly employed N 
j neat and ingenious. Behind the cap (Fig. 112), on the side opj^ositc that throtigh wlii* h 



Fig. 112. 


the wind-shaft pai>.<ie5i, a framing is 
nia<le to project outwarrl.s. On tin-, 
framing there is mounted a small 
winilniill, on an axis transverse tir 
that of the main amis. The caji 
rests on rollers fitted in the cinMil::i 
top of the tower. »<• that it may nio\ c 
fm’ly round; and a toothed cireula! 
raek i.s al.«> lived on the summit of 
the tower. A spindle, fitteil with 
1 m vil-gear^r so that it may In- 
eaii.s.“d to^R-olve hy the revedntion 
of the small mill, conveys motion to 
a toothed ]union, which gears into 
tli(' cireiilar rack. When the main 
mill has its face presential to the 
wind, the small one stands edgewa}" 
to it, and thorefim' ivmains at rest; 
but as wion as the wind veers, it 
begins to ai-f on one .siile or tlie othej 
of the small mill, and thus causes it 
to revoh'e. The pinion is thus niade 
to travel along the fixed rack, and 
turn the cap of the mill round until 
the main mill is again brought to 
face the wind in its new direction. 
This arrangement is found to he vciy 
effective; and M'hen it is properlj' 
applied, the mill requires no atten¬ 
tion in re8|)ect of direction to the 
wind. 

In estimating the velocity with 
whieh the sails of a windmill revolve. 


wc have to consider not only the force of the wind upon them, but also the reBi8tam*e to 
their motion occasioned by the work done by the mill. A B (Fig. 113) may rc'prescnt the 
edge of a surface presented obliquely to the wind, and capable of moving in the direction 
I C D at right angles to that of the wind. If the surface be freo and unresisted in its 
i motion, and tho wind bo considored to produce its full effect upon it, tho proportion of 
I its Telocity to that of the wind would ho estimated by that of tho lino B B* to the lino B A ; 
i for it is dear that while the winfi travels over the distance B A', the surface moves to tho 
1 x> 08 ition dotted, that is over B B', But if tho motion of the surface bo resisted, its 
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velocity in relation to that of the wind in diminisb^r In the cose of windmill 
Bails, we may oupposc bucIi a load of w'ork on the mill that the velocity of the sails is 
not more tluui ludf M'hat it would bo were there no rcaiatance. >Yc may, therefore, 



nKsunic that the velocity of the sail relativi-ly to the wind would he expressed by the 
lutio of half the length of the line K It* to the lenf'th of A It'. Tsikin^ the wind as a 
fr«'ntle brei-ze, the velocity of which in the table is about o miles per hour, and the 
inclination of the siiil or ancle A' It H' half-way friiiii the centre IR’, we should find the 
half of It It' i(. be about times A It, fir the velocity of the sail I 3 X 5 = 7^ miles per 
h'lur—about tiOO fet't per minute. If the windmill be about GO feet in diameter, the 
iliameter of tlie middle point fif the arm is 30 feet; the circumferenec of the circle in 
wliif'h that iioint involves is 9-t feet, and the number of revolutions made per minute is 
ihereforo ';/V‘ —about 7. 

If now we eiilciilate the speed of the extreniitios of tlie aims, we find that it is 
1320 fi'cl per minute, or about lo miles per hour; three times that of the M'ind, which 
M e hav<> assumed ns h mile.s per hour. Did we assume a wind of fn-entev velocity, we 
should have to take into at count the self-ri'culating arrangement, which diminishes the 
amount of surface exposed, and therefore jireveiita tlie mill from attaining so much 
inen’nst' of spt'cd ns it would >vitliout regulation. Under ordinary cireiunstnnees the 
spet d of th(‘ outer oxtreniitie.s of the arms ranges from 20 to 30 miles per lioiu-. We 
may ns-siiiue 30 miles iior hour M'lu*n the wind blows at 10 miles with a pressure of 
about ^ lb. on the stpuirc foot. The total surface of the sails unfurled in a mill 60 feet 
diameter, is I'i-W stjiiore feet; we may suppose half lost by furling, leaving 62>>effec¬ 
tive. As the surface is set obliquely t«j the wind, the ]ire.ssure in the direction of 
motion would be redu«>d from .1 lb, to about * lb. .ns a mean over the whole of the arms, 
giving a t<ital pivssim? in the direction of motion of about 90 lbs. The mean velocity 
of tlu! arms is half that of the extreme, 15 miles jirr hour or 1320 feet per minute. We 
have, tlieivfore, 90 lha, moving at 1320 feet per minute, which is equivalent to a force 
of 90 X 1330 = 11H,800 lbs. moving at 1 foot jier minute. A lioi-sc-powcr isretkoned 
ns equivalent to 33,000 Ihs. moved I foot per minute; therefore, the power of the mill 
wo have nn-koned is about 3^ horsi'-powin-. 

When we double the diameter of n mill, wc qundrujile its power, for we quadruple 
its effective surfare. The areas of eirch-s are proportional to the squares of their 
diameters; and as the similar parts of the areas ore occupied by sails, they oro also as 
the squares of tho diameters. 

It is not at all an easy matter to estimate the powers of windmills. Tho proper 
guide ns to power, velocity, and construction is experience. Some of tho works of 
-Sinenton contain niurh valuable inforinalion vespeeting this branch of Traetical Jlecha- 
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nios; a4d to thoao we must Wfor such of our readers as require a more full discussion 
of the subject than our limits permit us to oflTer. 

As a force applied to the moTcnient machincayt wind has few advantages except 
its little cost after the first outlay for a windmill has been made. It is chiefly available 
in flat countries, where there is no opportunity of obtaining the preferable power of 
water, and when> there is^fktlc interruption to the aerial current!. In hilly eountrioK 
windmills ore often subject to derangement from the excessive force of the gusts of wind 
that often occur in such n'gions. In tropical countries, particularly islands and places 
near the sca'sbon*, the daily occurrenee of the land, and sea*brei‘S(*8 oi'easioncd by tlu* 
action of the solar h(‘at on the land, pntvidcs a certain animunt of wind-power which 
may be almost always dependcil on. Hut in these countries, on the other hand, tlicre 
often ot'cur tornadoes or hurricanes of cxtit'iiic vbileniH*, that sweep away almost ever)’- 
thing that may oppose* their prugn*ss; and thus fn>queutly destroy windmills, and occa¬ 
sion renewetl outlay in their re-constnictiun. The principal use to which windmill^ 
are devoted in temperate climates is for grinding com; in tropii«l climatesi, such as tlie 
West Indian Islands, they arc emplurcd f tr driving sugar-cane mills. In fenny ouil 
marshy countries, such as Holland or some of the eastern counties of England, they an 
used for drainage, either by worhiiig pumps or turning a w'bevl contrived for lifting the 
drainage water from the surface of the gn>und into ennais at a ftiglurr level, by which it 
is carried off into the sea. In all situations, however, where the cost of fuel is not 
extravagantly great, steam-power is gradiudly sujienH-ding tliat of a-ind, bt'cause it.-« 
certainty of action more than repays the cost of its production. Whole districts, the 
drainage* of which is dc|)cndent on wind-po\v«‘r, may frequently remain many wwk- 
undcr water from the prevalence of calm u'eather, and the agricultimil operations of Uu 
season may be so n'riously interfered W'ith that whole crops are lost, or become 
immensely deteriorated. In sugar-growing countries again, the derangement <»f wuul- 
machinciy by a hurricane or tempest, may occur at the scasrm when the sugnr-i-aiu- 
have to be crushed; and the lo.ss of a few* days in erusliing the canes may seriously 
damage the sugar in rcspi*ct of quantity os well os quality. I'pon the whole then, 
whenever the erwt of fuel is not excessive, it is not advisable to incur the outlay 
extenuve works fur securing wind-power. A vt*ry small steam-engine, kept eonstaiitlx 
in operation, is for more effective than a windmill of much greater power, l>c(*auso the 
latter is so variable and uncertain in its action. The only operations suited to wind- 
power, ore such as nc*<Hl not necessarily be completed at certain periods, but may b(* 
conducted occasionally os the wind may serve. Nor should the maebinery* driven by 
wind require very nice n'gularity in its actioii; for, notwithstanding all tlio ingenious 


arrangements for equalising the n’ind-furce, it is still tusteady at tlie bi*st. 
i Every part exposed to the wind should be greatly in excess of tlie strength required 
to resist the average strain to which it may be exposed. The tempest of an hour—^nay, , 
I a momentary gust—^may iRqucntly destroy a windmill that has stood untler ordinary 
j winds for years; os a safeguard against too much strain, the windmill should always 
, be left free to revolve, even if tlic machinery which it drives be thrown out of gt^ar. 
JThc shaft or axis of the mill generally cairics a latge wheel, to which is fitted a strap 
of iron loaded so as to press on its circumference, and act as a friction-break citlicr to ■ 
bold the mill fast for purposes of repair during light winds, or to chock its velocity 
when the winds are too strong for the work required. j 

WaAor Woww, —The movements of water are much more servioeablo for the pur- | 
potcagf power, and steady in their operation, than those of air. In level countries, w'horo | 
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the streams are slow and languid iathoir flow, this power u not attainable; but in hilly | 
countries, where the riTcra and streams foil frequently firom a high level to a lower, water- 1 
power is easily obtained, and is most adrantagoous as a steady inexpensive prime mover. ; 
The most common way of employing water-power is to cause the current to act on the i 
circumferenee of a loi^o wheel, so as to give it a rotatory ^tion, which is communi¬ 
cated by means of sha^ and whoclwork to the machinery 4qnired to be ^vcn. Such 
watermills arc generally used for grinding or thrashing corn, crushing bones for manure, 
raising water to irrigate land, in mining districts for crushing or otherwise operating on 
the ores, and in manufacturing districts for working cotton, woollen, or flax machinery. 
Water-wheels arc of thn?c kinds, named according to tho mode in which the water ; 
current is made to act upon them:— • | 

1 . Undershot, when the wheel is fixed over a stream u'ith inconsiderable foil, but ; 
considerable velocity. 

2. Overshot, when the fall of the water is Sf> great that the stream may be direc^ted ' 
upon tho upper port of the M'heel. 

3. Breast-wheels, when the stream can be directed on or near the middle or breast of , 

tlic wheel. j 

1 . Tlte Vttderahot-tcheel may bo best understood by conceiving the action of tho 
paddles of a steam-vessel revcrserl; that is to say, while in n steam-vessel the paddles 
arc caused to revolve, and were tho vessel fixed would produce a current in the water ' 
by their revolution, in the cose of the undershot-wheel the natural current of the water 
pressing on the floats immersed in it causes the wheel to rovolvo. It is sufficiently 
clear that the power derived from this arrangement depends upon the intensit}' of the 
pressure which the water exerts on the floats, and tho amount of surface pressed upon. ' 
If wc suppose tho wheel at rest, and its float standing vertically in the water, we may | 
easily runiimte the pressure on every squoi-e foot of its surface by ascertaining the ' 
speed at which tho water flows against it. This pressure, like that of the wind, is pro¬ 
portional to the s<[uarc of the velocity of current; for by doubling the velocity wc 
bring double the nnmber of particles in contact with the float, and wc also double the i 
force of each particle in striking it, so that upon the whole we quadruple the pressure. ; 
So also, by taking 3 times the velocity, wc have 9 times the pressure; and, generally, if i 
wc know the pressure due to one velocity, such as 1 foot per second, wc can compute i 
that due to another velocity, such as 10 feet per second, by multiplying tho velocity by 
itself, and taking the pressures in those proportions. | 

By an investigation of the mechanical laws which govern the motion of fluids, wo ; 
c.m ascertain that the velocity with which a fluid flows from an orifice in any vessel is 
the same as that which a heavy body would acqtiirc by falling through a height equal 
to that of the fluid column above the orifice. This is found by the following rule:— 1 
Multiply tho square root of the height (in feet) by 8; the product is the velocity (in 
feet per second). Thtxs, if a stone were dropped from a precipice 100 feet high (neglecting | 
the resistance of tho air in its fall), its velocity when it strikes the bottom would be 
about 80 feet per second; for 10 is the square root of 100, and 8 X 10 ~ AO per 
second. If, on the other hand, wo know the velocity, wo should bo enabled to calcu¬ 
late the height of fall by reversing the rule; that is to say, divide the velocity (in feet 
per second) by 8, and square the result for tho height (in feet). Thus, if wo oscer- ( 
tained that a stone hod in its fall acquired a velocity of 80 feet per second, we should i 

reckon that it had foUen 100 feet, for = 10, and 10 squared or 10 X 10 = 100. 
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TlMte niln do not take into account tke reaiatanoe offered; by tiie air to the motion of 

the body filing through it In falling through great heighta, this rosMtaaoo haa very 
great effect <m the velocity; but for amall falUi it may be neglected without material 
ccrar. If^ now« we apply theae computationa to the flow of cuironta at water, we can 
the height due to a certain velocity of current; that ia, the head of water 
whoee preaaure on its louwparticlea gives them the velocity in queation. Thua, if on 
measuring the %'vlocity of a stream at a rapid wc found it to be 16 feet per second, since 

— = 2, and 2 X > = should redcon that, in order to have this velocity, it must 
8 

be pressed on by a column or head of a-atcr 4 feet high. It must, therefore, press upon 
any body immersed in it a-ith the ^amc force as it is itself subjected to; fur it is the 
]teculiar property of fluids to convey pressures equally in every direction through tlicm. 
It does not necessarily fuUow that, at the point where the velocity is measured, there is 
an actual fall of 4 feet; it is suflicieDt that the wator has somewhere fallen cnoin^h to 
acquire the velocity measured, or that any forces whatever have combined to give it 
that velocity, or to reduce iu velocity to that degree. The velocity is, in fact, the ex¬ 
pression of the result of all the forces and resistances that have acted on the waU*r up 
to the point where it is measured. Having eoniputcd the head of vrater pressing, it is 
easv to compute the amount of pressure exerted on a s([uaro foot. A cubic foot of water 
weighs 62|lbs.; therefore the bottom of a cubical box, measuring 1 foot every way, is 
])rcssed on by n force of 624 lbs. when the box i.s filled with water ; in other w<»rds, the 
pressure of a column of water 1 foot high is 624 IJw. on every square foot of bottom 
surface. Were the height of the column increiwc^ the pressure would be inereasi-d in 
like proportion; every additional foot of height would throw an rulditicmal pressure of 
62j^ Ibsu on every square foot. The intensity of pressure (in lbs. per atpiarc foot), tlic*n, 
is 62^ times the height in feet. Thus, the pressure due to a head of 4 feet is 624 x 4 

— 250 lbs. per square foot. Wc may now eombine the two computations—that for 
head due to given velocity, and that for pressure duo to given head—into one rule, for 
determining the pressure per square foot due to a given velocity, os follows;—As the 
square of % is 64, which does not much ditfer from 62i, we may, withoutmateri^ inaccu¬ 
racy, avoid dividing the velocity by 8 before squaring the quotient, and again multi¬ 
plying by 62 and thus have the very simidc rule. 

Square the veliKity (in feet i)cr sewnd), and the result is ncaHg the pressure (in lbs. 
IKjr square foot). Thus, when the stream is moving with a velocity of 16 feet jH’r second, 
its pressure per square foot ia 16 X 16 = 256 lbs. nearly. By the former compuUiUon, 
we found 260 lbs., has by 6; that is, less than part of the whole. So far wc hare 
found the of computing the pressure on a float-board at raty in a stream flowing 

with a given speed; but in the case of an undershot water-wheel, the float is in motion 
in the same direction with the runent, and therefore the relative velocity of the IuIUt 
in acting upon it is so much diminished. The relative velocities of the float and of the 
current may, of course, be varied by applying more or leas resistance to the motion of 
the wheel. It is necessary to know the relation of the two velocities, so os to derive 
the best possible effect from the current. If wc take a particulw case, and try various 
relations, we may find the most advantageous—bearing in mind that the result to Ijo 
obtained is the maximum of power or useful effect; that is to say, the pressure on 
nny float multiplied bv the velocity of its motion, which product gives the power of 
that float as a mover of machinerj'. If wo take the velocity of a current as 6 fcet per 
second, and form a table of velocities of float from 0 feet per second up to 6 feet per 
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I 


I 

\ 

i 


I 
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Booond, of pressures due to the oxooss of the stream’s Telocity over that of the float, and 
of the powers or products of those pressures multiplied by the corresponding velocities of 
float, wo shall And the power greatest when the velocity of the float is exactly 2 feet 
}>er second, or |rd of that of the stream. Thus— 

Velodtvof Velocity of Exceiw of stream Pressnmor Power or 

stream. float. over float. excess sifwed. press, x vdoo. 


6 


0 

« • • • 

6 


36 

0 

ff 


1 


5 


26 

.... 26 

9f 


2 


4 


16 

32 

9t 


3 


3 


9 

.... 27 

If 


4 


2 


4 

.... 16 

If 


6 


1 


1 

6 

If 


6 


0 

• • • t 

0 

0 


Wore wc to take any other velocity of stream we should find the same result, that 
tile velocity of the fioat should be ^rd of that of the stream, in order to attain the maxi¬ 
mum effect. If this rule he adhered to, tho excess of the stream’s velocity over that of 
the float is 4rds of itself; and the pressure per square foot would be the square of ^rds 
of the stream’s velocity, or Jftlis of the square of the velocity, since | X | = »• Tho 
]>ower would depend on the number of square feet pressed upon, and the velocity of the 
float, and would therafure be found by multiplying the surface of the float by $ths of 
the square of the stream’s velocity, and the product by the float’s velocity, or Jfd of the 
stream’s vclocit}'. As there are geni'rally several floats immersed in the water, it may 
ui)pear that the surface acted on is considerably larger than that of one float; but when 
it is remembered that the volume of wat«‘r contained between any two of tho floats, if 
it press the one forward by its direct action, must equally press the other backward by 
its reaction, wc cannot safel}' estimate more than the surface of one afloat os really effec¬ 
tive. The velocities of imrreuts ore generally reckoned in feet per second, while the 
velocities of moving parts of machinery, in estimating power, are reckoned in feet per 
minute. Taking a horsc-])ower as 33,000 lbs. lifted one foot high in one minute, and 
nssummg the circumferential speed of an undershot-wheel as one-third of that of tho 
current, wc may estimate its power as a mover of machinery by the following rule:— 
Multiply the surface of the float (in square feet) throe times by the velocity of tho 
stream (in feet per secoift}, aud divide the product by 3,800; the quotient expresses tho 
horau-power. 


Xote. —If V = velocity of stream, v = velocity of float, p — pressure per square 

foot = (V — t’)‘^ and P r= power = jpr = Y — t’i ’r, to find r, so that P may bo a 
maximum. 

P = V z= V=f — 2Vr5 r>. 

rfP 

! = V= — 4Vt- 4- 3»;2 = 0. 
dv ’ 

4 Y''* 4 4 1 

““ 3 — 3 “ 3 + 9 = 9 

Hence v — # V = + lY, or e = Y, or |V. 
rfsp a a » 

= — 4V 6 f, and substituting for v each of its values. 

— 4V 6V s= 2V positive, gives P a minimum when r = V. 

— 4V -f- 2V = — 2V negative, gives P a maximum when v = JV. 
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underahot-whoel^ having floats 2 feet deop and 10 feet vidt>, is moved 
by a atrcam nmiung at 71 milca per hour: reqtiired ita power. 

Here the eorfare of a float is 10 X 2 = 20 square ilet. 

The velocity is 7^ miles per hour: or (as a mile is 6,280 foot, and an hour 8,600 

seconds) the velocity is = n feet per second. 

3o00 

Tlu* power therefore is ~ 7 horse-power. 

o2>00 

The speed of the floats being ^rd of that of the current, is feet jut second, or 

' ^ = 220 feet p-r minute. We may take this ns the Fp<'rd fif the middle part fu’ 

the float; and if the wheel be 25 flu't in extn'ine diainittr, its diameter at the middle 
of the floats would be 21 foot, and ein-umferenoe there OG feet; if this moves at tlie rate 

220 

of 220 feet per minute, the wheel must make = 3| revolutions per minute. 

The speed of a stream may lu) generally, estimated by throwing on it a body that 

floats, but b immersed some deptli—as a bar of wood loaded at ont* end to float vertical! v_ 

and watching the time occunii d 
I by its pa.%sagc over a certain 

I known distance. Care shmiM 

l>e taken that the body fairly 
attain the speu-d of the eunviit 
lu-fin* its motion b rctkoncul in 
1 the time. It is odvantageou.- 

" and wtmld otherwise jwur over 

~ - the edges (Fig. lU). Indeed, 

Flff. 11-1. difterenee of level caused by 

this loping up of the water 
behind, and its hollowing in front of a float, almost measures tne* head of water pre^ssing 
on it. When practicable, the stream should be narrowed to the width of the wheel (Fig. 
115), as by this means not only b its velocity augmented by the necessity of a certain 



Fig. 115. 

body of water passing more quieUy through a diminbhed channel; but also the water 
acting on the floats b prevented from escaping sideways without giving its fhll effect. 
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As the Tolooity of streams to wliidi undorshot-wheels are applicable is nerer ver^’ 
great, anil as the velocity of flio floats shonld not much exceed one-third of that of the 
stream, such wheels are necessarily slow in their revolution^ and can therefore be 
applied with most advantage in driving machinery where qnick speeds are not required. 
When it is necessary to convert the slow revolution of the wheel to rapid motions in 
the mochinery, there are oonsiderablo losses from the friction of the gearing. For sucli 
purposes os that of working pumps or fulling-mills, and generally for slow, heavy work, 
these wheels arc very serviceable. The principal objection to their use arises from the cir- 
eumstanee, that with a stream of average rapidity, very little power is obtained without 
a very large and eunibrous wheel, involving considerable outlay, and extending over a 
great breadth of the stn'am. By making the diameter of the wheel large, no greater 
power is obtained, except what may be attributable to the more direct action of the 
water on the floats, which enter and leave the water more vertically when the wheel is 
large. Tlio cireunifereneo of a large wheel should move u’ith the same speed os that of 
a small one; and, therefore, the greater the wheel, tlic smaller number of revolutions does 
it make in a given time. The only wa}* of increasing the power is to extend the surface 
of the floats. This may lie done by making them deeper or wider. Additional depth of 
the float, even whero the depth of the stroam permits it, is by no means so etf«;tive a.*» 
additional width; for a wide shallow float enters and leaves the water with ease, while 
a deeper one prt>sses the surface of the water down in entering, and lifts it up in leaving, 
and thm-by encounters 
eonsiderahlc rcsistaneo 
to its motion. 

()e<'.xsionally iiniler- 
shot wheels have been 
made like the feather¬ 
ing paddles of sU'um- 
vi'.ssels, where the. 
floats arc eapable of 
iK-ing turned on pivots 
(F’ig. 116) 80 03 to 
maintain a vertical rig> tic»* 

position while immcrsefl’'in the water, and thus receive its most direct impulse, while 
they enter anil leave it with the least possible resistance. 

When it is considered that twice in every day a great tidal stream flows and ebbs 
along our coast and in oiu* estuaries, it is surprisrag that advantage has not more frv- 
qui ;.tly been taken of this enormous power by the erection of undershot-wheels along 
the course of the tidal currents. In this countiy tide-mills arc rare; and neither their 
number nor magnitude render them important ns soiirees of power. Oci'asionally, how¬ 
ever, they have been employed with advantage. Where thcro is a groat tidal stream, 
and eonsi'quently a oonsiderablo diflbronec between the levels of high and low-water, 
fixed wheels would be almost useless, for at high-water tliey would be too much 
immcrsiHl and at low-water too little. It is in such cases nci'easary to mount them on 
a floating stngo or barge, so that the whole mill may rise and fall with the tide, the 
amount of immersion remaining constant. Again, os the tide flows ahcinately in 
opposite directions, when it is n'quired that the machinery move only in one direction, 
it is necessary that tide-mills, in such eases, should bo fitted with apparatus by means 
of which the direction of movement may bo reversed; or, wboro the mill is floated on a 
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barge, the awinging of the barge by the tide cffeeta the required change of poaition to 
suit the diange in direction of the ounent. 

If it were practicable to make uae of the tidal stream in such a riser a« the Thamoa, 
without interfering with its navigation, the power derived from it would be enormouii. 

If we suppose the breadth, 1200 feet, occupied by tidal mills side by side, with floats 
immersed 3 feet deep, the total float-surfeco would be 3600 square fi*et in one section of 
the river. The velocity of current we may take, on the average, as 3 miles per hour, 
nearly 4^ feet per second; and the power, according to our rule, would bo 
, 3600 X X X 4i 

j - Sm - = 

j Were such mills repeated at intervals of 220 feet along a mile of the river, tlu'iv 
’ would be 24 of them, and the total power would be H6 X 24 = 2004 hoiscopowcr in a 
i mile of the river’s length. It is not, of course, presunud that such on arrangcnu'iit is 
’ feasible: it is only offered as an illustmtiun t>f the gnwt mechanical power that might In* 

[ derived from the natural movements of the waU‘r in tidal estuaries. In simic nvors, 
such as the Rhine and the Seine, barges are miKind carr\'ing tidul mills of tliis kind, 
i In such stn'oms the level docs not greatly vary, and the <*urreiit sets euiitiimuusly in one 
direction, si* that the ]inwcr is applied with constan<-y and facility, 
j 2. The ffrerthot Waier-trluet (Fig. 117) Las its eireunifcrcnce di\idcd by partitions 

into numerous com* 
partinents, or buck¬ 
ets, capable of con- 
tuiniiig water. Tlic 
s]koiit c<rtkV<-j iiig the 
water t«* the w'hccl 
either passes over it.-. 
Hiintmit, iirliasachiM k 
at Its end (i*’ig. IIN,, 
so astodisi-baig*'tile 
water into the buck- , 
4-ts a little beytiud : 
the summit of tlie | 
u heel. As the wheel i 

I 

revolves, «*aeU sue- | 
eessivo bucket is 
brought under tlie 
sfiout and beeoini's 

I filled with water, the 

. weight of which, acting on ono side of the wheel, is the moving force. The buckets, 

I as they descend, become gradually emptied, and rotum up the unloaded side of thu 
wheel, to bo again filled and descend. 

Such wheels arc only applicable where there is a considemhlc fall of water; for the 
height of the head above the stream as it flows away from the wheel, technically called 
the tail*water, must be equal to the diameter of the wheel, or nearly so. In overshot 
wheels the velocity of the water is no element of powiv, except in so far os the quan¬ 
tity conveyed by the spout to the wheel depends upon the vclocit)* with which it flows. 

If the velocity of discharge be considerable, a positive disadvantage results from the t<M) 
rapid dash of water into the buckets, causing it to overflow, while the bucket remains 
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only partiaUy fiUod. It ia easy to we that the quantity of water issuing from the spout 
during Uie time which a bucket occupies in passing under it, should barely exceed that 
which the bueke^prill hold; if it 
&lla short of that quantity, the 
bucket is only partially filled in 
its passage; end if it much cx- 
(MHids that quantity, the force of 
its How caiiscs it to dash over and 
bccomo wasted witlxout effectual¬ 
ly filling the bucket. The dia¬ 
meter of the wheel being limited 
by the height of the fall, when 
it is desirable to take advantage 
of a large quantity of wabT 
discharged from the spout, the 
bn adtli of the wheel must be in- 
iTcaseil, and the water in the 
spoilt caused to spread itself out 
to a wide sheet, so as nearly to 
cover the whole breadth of the 
wheel. TJie sheet of water 
should always bo a few inches 
narrower tlum the face of the 



Fig. 118 . 

wheel, to save tho water from 



Fig. 119. 


dashing ineffec¬ 
tively over the 
edges (Fig. 119). 
Another point of 
great importance 
in the construc¬ 
tion of the buck¬ 
ets is to leave a 
passage for air at 
the inner upper 
angle of each 
bucket, other¬ 
wise the bucket 
can become only 
partially filled, in 
consequence of 
tho elasticity of 
the air conned 
in. it compelling 
the supply-water 
to da^ over 
the edgea instead 
of filling tho 
bucket. 


In constructing on overahot-wheel it ia necessary to give consideration to the fol¬ 
lowing points:— _________ 
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1. Hio pcnnt of the circumfcToneo at which tho spout shoulil discharge so os best to 
All the bucki'ts. 

2. Tho best form of bueket for receiving the water, and (or rctai^ng it, through a 

considerable part 
of its descent. 

3. The best speed 
at which the cir* 
eumfvrcncc of the 
ahccl sliould tra¬ 
vel so os to olitain 
tlie greatest effect 
from the monng 
load of a'atcr 
whicli its buckets 
contain. 

If wc supiK>se 
tluit a (all of a*a- 
ter altout twenty- 
two feet in height 
is to act upon 
an ovcrshot-M'beel 
(Fig. 120), M'e 
may make the 
wheel ulK>iit twen¬ 
ty-four feet in 
dL'uiteU-r, and the 
dt ptU ut the buck¬ 
ets, measured to¬ 
wn rrls the centre, 
Ftp. 150. two feet Divid¬ 

ing this depth into two equal parts, each one f<K)t, marked by the dotted circle (Fig. 121), 
dividing the circum- Ki ^ 
ference of this cir- • 

clc into a cfonvcnient l\ ' m 
number of equal parts / m 

11J1 equal to the num- / \j m 

bcTof buckets (40 in 

the diagram), and \ i ff .—. 

drawing lines A11A j I -- 

towards the centre of . . . ... 

the wheel through the ^ ^"^1^ . 

pointa of division, a’o m .**. 

are enabled to deter- \ .. 

‘'mine the form of the e\.— 

Imekets. The casing \ % 

extending between AA % 

is oallod the sole of v 






rig. 121. 


a btusket, and is left with a narrow slit oixm at A for tho escape of air from the bucket 
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when the water pours into it The board A B is called the starts and the indiaed part 
I H C the arm of the bucket Sometimes this inclined part is made in two parts at difierent 
degrees of obliquity, like the dotted lines B D, D £; of which B O would be called the 
arm, and DE the wrist, the start A B being called the dionlder. These names are doubt- 
I less given from the resemblance of the section to the form of a bent aim. The whole 
circumference of buckets and soles is called the shrouding. 

On dividing the vertical diameter F G of the mean circle of the shrou^ng into six 
equal parts at the points U, I, J, K, L, and drawing horisontal linos throu^HaadLto 
meet the circumference, wo observe that at the upper lino the bucket is filled, and therc- 
j fore the weight of its contents begins to act in causing the wheel to revolve, while at 
] the lower line it begins to empty itself, and its action may there be considered to ceakc; 

' or whatever effeci the water may have beyond this point is so small that it may be 
: neglected as an element of power. The total efieet of the water, then, in causing the 
I wheel to rovolve, may be reckoned to be that of the weight of water contained in ten 
, buckets descending through a height equal to two-thirds of the diameter of the mean 
circle, viz. 22 X j = 15 feet ncgirly. The diameter of the mean circle is equal to the 
height of liill; aud wc may, therefore, by taking a wheel of just proportions, generally 
obtain a decoding weight acting through a vertical height two-thirds of the height of 
. fall; and the weight itself consisting of the contents of one-fourth of the total number 
. uf buckets. The capacity of those buckets for containing water depends manifestly on 
the breadth of the M'heel or the length uf the buckets, as well as their sectional area. 

■ The urea of those in the diagram, reckoning up to the level line boimdcd by the air-slit 
.'ll tlicir hlling-point, and by the lip of tlic bucket where the discharge begins, may be 
. taken nt little above square foot; and we may suppose, for facility of calctilation, that 
tlteir length or the breadth uf the wheel is 1 foot, giving each bucket a capacity for con- 
Uiiuing cubic foot of water, weighing about 70 lbs. The contents of the 10 buckets, 
tbei-cfore, weigh 700 lbs.; and this M'cigbt is constantly moving with the velocity of the 
. wluel. 

' In determining the absidute power to drive machinery, wc must ascertain the 
\vl(K-ity in relation to tlmt with M'hich Ujc* water flows from the spout. The eircum- 
tV i-i-iu e of the wheel must move at such a rate that no bucket shall pass the spout with- 
. out being filled from it. The total circumference of the wbcel being 751 feet, divided 

75l 

; into -to equal parts, wc Lave for the distance from lip to lip of each bucket = 1 ‘888 

I nearly, or about 1 ; foot. If the wheel mokes 1 revolution per minute, each bucket 
i posses any fixed point in 4 V,th of a miuute, or second; and the velocity of any point 

i 

{ in the circumference is about 1 ^ foot per second. It has been stated that the most 

I 

’ advantageous circumferential velocity of an overshot-whoel is at the rate of 2 to 3 feet ; 
per second. Takiug 21 feet per second for the case we are discussing, the wheel would 
make 2 revolutions per minute, and each bucket would pass a fixed point in fths of 
a second. As tlm water issuin g from tho spout has a certain depth or thickness, some 
part of the time of tho bucket's passage must be deducted in order to ascertain the time 
allowed for influx of the water. Deducting ^rd of the time, that is from f", we have 

V' os the time diuing which tho bucket remains under the spout to ho filled; and in’thia 
time 1 J- cubic foot, toe contents of the bucket, must flow from the spout—that is, 2 X 1» 

= 2 ^ cubic feet in 1 second. As too spout is 1 foot broad, and we must not reckon the 
depth of water in it above 6 inches or J a foot, toe sectional area of tA watwr-channel 



XOIkS OF BSOOLATmo VSLOCIXY. 


S36 


u ^ a aqnare Caot, through which 2^ cubic feet must flow per eecixid. The Telocity of 
the water must theirfore bo 2 X 2^ = 4^ feet per eecond. Should the Telocity of the 
stream be less than this, either tho wheel must move more slowly or the spout must be 
inclined to meet it at a lower levely so that the water may attain greater velocity from 
additional fall. Should tho velocity of the stream exceed this, either the wheel must 
be permitted to move more quickly, or it and tho spout mtut bo widened, so as to present 
greater capi^ty of bucket and diminish the speed of infliix. Recurring to the power of 
the wheel wmcb we suppose to revolve at the speed of 2| feet per second, or IdO fee 
per minute, with a force of 700 Iba at its circumference, wu find tho effect to bo equiva¬ 
lent to 700 X loO = lO/iOOO lbs. moved 1 foot per minute, == about SJ horse¬ 


power. 

Had wc estimated it in another way by taking iIm? quantity of water issuing from 
the spout, vi*. 2^ cubic feet per second, or 13.> cubic feet per minute, weighing about 
8840 lbs., and reckoning its fall or effective movement 15 feet, tho distance descended 

while it remains in the buckets, we should have foun^tlie power to Ik* ~ 

about 32 borse-power. But it must be remembered that all the buckets do not act w'ith 
their full leverage to turn the wb«d in descending tluoiigh 15 feel, being nc'arcr the 
centre of the wheel above and bel*>w the middle le%‘el than when they pass that point. 
The former estimate, therefore, of horse-ptiwer is t(» be taken as the mure Correct 
one. 

In order to ascertain what firaetion it is of the power actually developed by the 
descent of the water—that is, of the force necessary to raise tlie water u]^ again to the 

level whence it flowed—we have to eonsidur thot cubtc 
feet of water issue from the spout every at'cond, and descend 
22 feet, or that a weight of 2 J X 62* = to about 140 lbs. moves 
22 feet per second, or 22 X 60 = 1320 feet per minute; or 
that 140 X 1320 = 184,800 llis. moved through 1 foot p<T 



. . 1 . . 184800 

minute. This is equivalent to 


= rathbr more tlinn 


5 | horse-power. f>f this the mill has been found to render 
3 i horse-power, or about 57 per cent, available for driving 
machinery. 

It has been stated by some engineers, that as much os 
70 to 80 per cent, of the power expi'ndcd by tho fall of water 
has been made available by means of overshot-wheels; but 
we are inclim*d to think that, witli tlie lH*st knoum constnic- 
tion and proportions, the useful effect does not certainly 
exceed 70 per cent, of the water-power. 

Of late years, many of these whi^els havo been made of 
iron: the partitions of tho buckets ore constructed of three 
iron platoi bent to a curved form, and the obliquity is made 
considerably more than in the wooden shrouding of former 
times (Fig. 122). Tho diameter of such whe^ is mode 
Fig. 122. \ somew^t greater than the height of fall, so that the water 

enten the bwk^ta aome distance below the summit, when tho inclination of tho bucket 
ia auited for tlicflccption of the stream. Even if the huckcU wore filled at the aummit 


t 
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of a irhed, and did not empty themaelTea tin Huy readied the. loirert point, the 
additional effect of tiicir contents would be of little advantage, as it would act more to 
press the wheel down on its bearings than to turn it round. It wQl be found advan¬ 
tageous in practice to reckon the diameter of the wheel as |th more than the fall. 
Thus, for a fell of 24 feet, wo should make the wheel 24 and |^th of 24, 3; altogether, 

27 feet in diameter. 

it has been recommended that the velocity of the wheel should bo made dependent 
on the height of the fall; that is to say, that it should be |th of the velocity which the 
water would acquire in reaching the bottom by firco descent. We can see no reason 
why such a rule should be observed; few, as we have formerly stated, the velocity of 
the ciroumfcrcnoo should be so proportioned to that of the water flowing from the spout, 
that the buckets may be properiy filled during their passage. It is true that, by in¬ 
clining the spout, we may increase the speed of the stream flowing from it, and thus 
render a greater velocity of wheel practicable; but, being limited to a certain fall, what- 
; ever inclination we give to the spout, wc take so much from the height after the 
water is delivered on the wheel, and consequently roduce the moving weight on the 
descending side of the wheel. Wc arc, therefore, inclined to adhere to the maxim 
formerly received among millwrights, that the velocity of the wheel's circumference 
should not exceed 3 or 4 feet per second, and that, perhaps, it would moat advan¬ 
tageously bo fixed at 2 to 3 feet per second. 

number of buckets may be.detcnninod by making it double the number of feet 
in tho wheel’s diameter: thus, in a wheel 24 feet in diameter, the number of buckets 
would be 48. According to this rule, the space from lip to lip of buckets would always ^ 
be about 1 ^ loot. Where the stream in the spout is wide and shallow, it may be made 
less; and where tho stream is deep, it should be greater. But, practically, its size 


within a few inches is of no great importance; and wc should recommend that a division 
of the oircumfcrcncc by 6, 8, 4, or such numbers and their Uttltiplicrs, should he made, 
so as to bring each division nearly to 18 inches. 

In order to provide for the escape of air from the buckets, it is better to make their 
width exceed, by several inches at each side, that of the stream, than to provide air- 
slits in tho solo; fur, by this arrangement, each of the buckets may be made to hold a 
considerably greater quantity of water than when the air-slits limit its depth. 

Every precaution should bo taken to secure a free flow for tho tail-water, os the 
resistance arising from the immersion of the lower part of the wheel in a languid stream 
takes considerably from its effective force. It is better to sacrifice a few inches of head 
by inclining the tail-course, so as to give tho water some velocity (at least that of the 
wheel) in its escape, than to let it act as a drag on the wheel, by making the tail-oouno 
too nearly level. 

3. Brtiut-ieh 0 el and Chain of Buekett .—All descriptions of wheels where tho water ia 
received on their eircumferences, fall under the denomination of overshot-wheela, even if 
tho water be not shot over their summits; indeed, according to the systems now pursued in 
rendering water-power available, there is no case where a roaUy otwivAef-wlieel should be 
adopted. Instead of making the diameter of the wheel less thim the height of flsil, so that 
the spout could be carried over it, tho ^ameter should always be greater, aa sre have 
described, so that the wi^er may be delivered at some point below the summit. Instead 
of an overshot-whed, in some cases an endless chain of buckets (Fig. 123} has been 
employed for obtaining power from a fell of water. In theory, this arxangemrat 
appears one likely to prove more effective than that of the wheel, for the weight 
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of wafer it setiui|«d in the bucketa, and ai^ with eonatanS fane thion^out the 



whole deaoent. Fxae* 
twally, howarer, the 
appantiia ia not of 
ao aubatantial and 
ponnanent a dume* 
ter aa the wheel; the 
chain haa numerona 
jointa, all subject to 
wear and deoay from 
rust; and when they 
become deranged, 
the inereaaed friction 
and inequality of 
action considerably 
diminish the cfBci* 
cncy of the appara¬ 
tus. 

The breast-wheel 
is an arrangem^t in¬ 
termediate Ixdwoen 
the undershot and 
overshqj-whoels. It 
consists of a wheel j 
fitted a-ith fioats or I 
paddle-boards round 
its circumference, 
revolving with its 
lower part in a chan¬ 
nel which nearly fits 
it. Each fioat has a 


-: — back-plate or sole, 

¥ig. U3. BO that the wheel is 

) somewhat like an overshot-whecl with buckets open on their outer sides. >yhen a con¬ 
siderable stream of water falls over a height not sufficient to render an ovcnihot-whecl 
aj^plicable, and yet greater than would be required for an undershot-wheel, the breast- 
wiMd is applied with great advantage. The floats fit as nearly as possible, without 
rubbing-friction, to the bottom and sides of the channel, or sweep, in which they 
roTolve; and thus, after passing the point whore the water is delivered upon them, 
I they act almost as close buckets, containing a load of water which urges them on- 
' wards. 

At the point where the floats receive the water, same force arises from the impulse 
or velocity wiUi which the water strikes them, as well as from the mere weight of 
I their contents. Some millwrights have thought this impulse a most essential clemeift 
of power, and have therefore contrived the spout ao aa to throw the water on the floats 
with great velocity. Others, and among them Smeaton, whoao opinions on such matters 
are always to be received with reverence, have arranged the aponts so as to deliver on 
the wheel at as high a level aa possible. By this arrangement the impulse from velocity 
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ii Iflflflenedt but the height through which the water afterwards acts by weight is in¬ 
creased. 

If wo suppose that a certain stream, flowing with a velocity of 8 feet per second and 
having a fall of 8 feet, is applied to driving a breast-wheel 20 fbet in diameter, having 
40 floats (Fig. 121), wo may inquire whether it bo more advantageous to deliver the 
stream at once on the 
w'hcel, or to slope its 
course downwards 3 
feet before it meets 
the floats. In the one 
case we have the im* 
pulse due to a speed 
of 8 feet pcrsi'cond on 
one float marked 9, 
and tho weight of 
the water contained 
in eight oth<‘rs, marked 
1 to 8 inclusive. In 
the other case we hove 
the impulse due to the 
increased velocity of 
stream upon one float 
marked 7, and the 
weight of water act¬ 
ing on six others 
marked 1 to 6 inclu¬ 
sive. I’arther, os in 
the second ease tho 
\cloeity of the deli- 
vertjd water is greater, 

Its stream must he shallower, and therefore it must strike on a less area of float; and if 
the wheels move at rates respectively proportional to those of their streams, the same 
quantity of water being supposed to be delivered in each case, each of the buckets in the 
Kocond whcMil must contain less water than each of those in tho first. Tjct us assume 
that in each cose the w’^hcel revolves at a rate which makes ita circumference travel at 
one-third of tho velocity of the stream, which wc found to he the most advantageoua 
speed fur receiving impulse in the case of undershot-wheels. In the first case the 

8 

velocity would be ; = 2r^ feet per second. In the second case we must calculate the 

O 

velocity of stream duo to increased fall. The fall to produce 8 feet per second is 1 foot; 
and adding to this tho 3 feet of additional fall, wc have a fall of 4 feet; the velocity due 
to which is 8 times its square root, or 16 feet jicr second. The circumfcrance of the 

16 

second wheel, then, travels at the rate of — = feet per second, twice the velocity) 

0 

the first; and if in the first tho buckets he exactly flUed, in the second they can only bo 
half filled, or need have only half tho capacity. If wo take the area of float in the first 
COSO L sqiuue foot, and in second ^ square foot, the float marked 9 in tho flxat sus¬ 
tains a pressure due to 8 feet per second the velocity of the water loss by 2S feet per 
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sootmd ita own Telocity; tlist ia to 5}' tbet per aeoend, eqidralent to • colmiitt |Oia 
of a foot high on 1 aqnarc foot of area, about fths X 62| r= 28 Iba. moving at Oie nrte 
of 2} fbet per second, or 2S X 40 = 180 foot per minute, which gives a power of 
28 X 140 = 4,480 lbs. moving at 1 foot per minute. In the second case the float 7 is 
pressed on by a colttmn suffleient to give 16 less by that is 10$ foot per second, 
which implies a height of 1$ foot; and this pressing on $ square foot gives 88lbs. 
moving at oji feet per soeond, equivalent to 17,920 lbs. moving at 1 fbot per minute, 4 
times the effi'ct of float 9 in the first case, aa might have been surmised, because the 
velocity is doubled. 

It remains now to compute the effect of the remaining floats in producing power. 
The total quantity of water issuing is 8 cubic feet per MKond, or 8 x 42.| x 40 r= 
30,000 lbs. per minute. In the first cose this kec'ps 8 buckets continually foil, and 
mores them at 2 $ feet per second^ or 160 fbet per minute ; in tlit> second case it keeps 6 
buckets half filled, or 3 buckets quite foil, and moves them at foet per second, nr 320 
feet per minute. Aa each bucli^ holda 1 cubic foot, or <«'.*.*. l))a., the power of those in 
the first case is 8 X 140 X 42| = 80,000 lbs. muii'ing 1 fod per minute; and of those 
in the second, 8 X 420 X 421 = 60,000 lbs. Adding to eaeh of these results tlir* 
jiowcr derived from the impulse of the water, we have in the first ease 84,480 lbs. moveil 
through 1 foot per minute = 2‘54 horsc-^Kiwer; in the styond *'ase 77,920 Uhi., equiva¬ 
lent to 2’36 hors(>-p<>wcr. The result is, therefore, in farmu'of the first ease; and thus 
Smeaton's view of the eimunstanocs is home tmt. 

If the floats be tolerably well fitted to the sweep, so that tlierc is little loss of water 
by escape past their c*iges, the cireumforcntial speed *>f the wheel should Ik* consider¬ 
ably more than one-third of that of the stream. A rate n.s high os two-thirrls nr thnn*- 
fourths is practically attained with advantage. When this is the ea.se, the impulse from 
e.xce 8 S of the stream's velocity over that of the fitiat is much diminished, and the prin¬ 
cipal element of power is the load of the water oonhiined in llie buckets. If, then, the 
fall of the spout he made just siiflicient to deliver the water supplied by the stream or 
reservoir, all the rest of tlm fall is most advantagc'oiuly applied in the sweep, care being 
taken that sufficient fall is left to carry off the toil-water with full velocity, so that it 

I do not become heaped 

. up and retard the as- 

\ ^ fo** the sake of 

III" nmpiUcity, that the 
\ Ilf water is delivered on 

line of 

7^ the centre, and keeps 

• ■ buckets, foom 

^ that lino to the bot- 

' V foJl (Fig* 125). 

p-‘-Now the effect of tiie 

Fig. 125. wmght of any bucket, 

such aa A, to turn the wiiccl, depends upon the leverage with which it acts, which 
would ha measured by the length C B of the horisontal line intercepted between 
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tlie contte and the middle of bucket^ Were we to divide the circumference 
from D to £ into a groat number of equal parte, and calculate their combined effect as 
dependent on the leverage with which they reapectively act, we ahouid find it to be the 
aame aa if one weight—^bearing the aame proportion t6 tlie total weight in the circum- 
fisrence D £ aa the length of C D, the radius, beara to the length of tho cireumfer* 
enee D £—acted at D. In other words, the effect of all the weight of water in D E 
to turn the wheel ia tho as that of a column D £ of the aame width and 

thickness hanging at D. The same principle ia true if the water do not deliver at 
tliu level of the centre; for if it delivered at G, tho effect of the weight of water in 
G £ would bo the same aa that of a column of equal area ami of tho height G F 
acting at D. 

If, now, we take the particular case of a wheel 2o feet in diameter, with buckets 

I foot broad and 1 foot deep, receiving the water at the level of the centre, and 

making 3 revolutions per minute, we may compute its power, and the proportion 

which its useful effect bears to the expended power of the water. * The buckets 

Itcing 1 foot deep, tho circle passing through their middle points would have a diameter 

of 24 feet, and therefore a radius of 12 feet and a circumference of feet, making 3 

revolutions per minute. Tho water in tho buckets, therefore, moves at the rate of 

7'>\ X 3 = 226.V feet per minute; and the weight of the column, having an area 

of 1 square foot, and being 12 feet high, is 12 X 62.^ = 7d0lbs. The power, then, is 

7.50 X 220^ , ^ , 

— h-tnnn ^ about 5J horsc-powcr. 

uifUOiI 


The quantity of water required to fill the buckets is 22G.} cubic feet per minute, for 
it must 3 times fill the whole circumference every minute; and as there must be con- 
^ iderable waste from the inaccuracy with which tlic floats fit the bottom and aides of 
the sweep in which they revolve, we may reckon 20 per cent, more, or altogether 270 
I ubic feet per minute, to cover this waste; that is, 4j- cubic feet per sccuud. If wc 
take the stream at the 8]>out 1 foot wide, and 9 inches or ^tbs of a foot deep, its area is 
iths of a B<{uarc foot, through wlucli 4l cubic feet have to flow per second. The 
velocity of the water must, therefore, be 6 feet per second, or that due to a fall of 
nearly 7 inches. The water in working the wheel has to descend 12 feet, and we must 
allow at least 5 inches more of depth at the bottom of the wheel to clear the floats of 
1 1.1 vk-water, and the total descent is therefore 13 feet: in other words, in order to raise 
the water up to the proper level to work the wheel, we should have to lift 270 cubic feet 

!270 X X 

13 feet high every minute. The power required for this would be -330Si)- 


^ about 6§ horse-power. Wc found tho effective power of tlie wheel about 6J horse- 
power; that is, 77 l>er cent, of tho power expended. We believe that, practically, this 
estimate would be found too high, and that wo could not depend on obtaining in useful 
clfBct more than 60 to 70 per cent, of the water-power expended. 

I Tanniaiology«—The terms ujtdcrshot, overshot, and breast-wheels have been ap- 

]died in a somewhat dift'eront way from that in which we have used The term 

ittiderthot has been used when tho water is delivered on the wheel anywhere below the 
' level of its centre, and thus the wheels which we have called ftreiwt-whcels would be 
j among tho ttndershot; tho term owt'shot has been used in those cases only where tho 
spout is actually carried over the summit of the wheel; and tho term breast has been 
applied to wheels where the water is delivorcd somewhere above the control level. Wo 
think, however, that the elimsification we have adopted here is more distinct, as it refers 
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' n<^ 0 til]r to the differont points where the water is delirered, but also to difierencci in | 
I llie construction of the wheels. Thus, the MmfersAol'whecl is that which leteiTcs the t' 
i water^prcsBure on simple paddles or floats immersed in the current, and is acted on by | 
I its force only; the orersAot^wheel reccirea the water at a high level in buckets formed | 
in its ciniimferenee, and is moved rimply by the weight of water contained in them; ' 
the ArMsf-wheel receives the water on paddles or floats nearly fitting a sweep in which { 
I they revolve, and is thus put in motion partly by the weight of water lodged on and j 
) between the floats, and partly by the pressure on the floats arising iVnm the velocity of | 
! the current. The peculiar f«mstruetion of each kind of wheel is adapted to different ! 
' conditions of the fall of water. The undershot-wheel is to l>e usc<l when there is a j 
! volume of water moving with considerable velocity, but with very little local fall, as in 
the case of river streams and tidal currents. The veloeitv of the current of a river 
arises from numerotu little falls, or fnim a ('ontinunus inclination, without any con- 
I siderablc difference of level within a limittnl spait*. The velocity of a tidal current, 
j again, arises from the pressure of the tidal wave, or ImkIv of ocean water, elevated abttve 
' its average level by the gravitating influence of the moon; but this wave oppears only 
' as a gentle and almost imperceptible inclination of the waUT surface, except in some 
' estuaries, such as the Solway Frith, where it presents itself os an elevated body of 
■ water rushing with considerable vcloc>itj' b)wards the land. 

i The overshot-wheel is applicable when the water has a conHiderable local fall, nearly 
I equal to the diameter of the wheel; and the breast-wh«'el when tin* bwal fall is not ' 
j great—less, for instance, than half the diameter of the wh<t-l—but wlien it is of enn- 
' siderablc volume and moves with considemble velocity. In order to apidy inther an | 

: overshot or a breast-wheel, it is generally ncivssar}’ to make extensive arranirtmient* for 
conducting the water from an clcvaU*d level to the wheel, instead of permitting it to ' 
follow its natural channel. When a stream has a considerable fall—such ns 40 or otv 
feet in each mile of its length—a dam or weir is built across it at s<ime eonvoniciit ! 
position, so as to chcx;k its progress there, and a new channel is fnnncd for conveying 
its waters to the mill, and tlifneo back to the bed of the stream at some point below the , 
dam. As the artificial channel is made with only sufficient declivity to secure the flfov I 
uf the water in such quantities as may be required, it is thus jamsible to obtain at the 
wheel nearly the total fall which the channel of stream has, estimated from the point ^ 
whore the dam is built to that whciv the tail-water of the mill re-enters. If, for ‘ 
instance, the stream in its natural channel is found to have a fall of 60 feet m a mile— | 
this difference of level Udng made up cither of numerous small local falls or of a eon- j 
tinuous declivity, or both—-an artificial channel is formed by its side, or as near it ns j 
the levels of the ground permit, having a constant declivity for half a mile amotmting to 
•5 feet of difference of level; the water acta on a wheel with a fall of 20 feet, and n \ 
declivity of 5 feet is allowed in the length of the tail-course. The difference of level in 
the channel for half a mile—that is to say, 30 feet—is thus made up, and the power due , 
to Urds of that fall is thus secured for driving machinen*. The current of the stream . 
itself woi^ probably not have so groat a velocity at any place ns to make it practically 
available for on undershot-wheel, on account of the irregularities of its channel, and the - | 
numerous resistances opposed to its progress. f 

&Menroln.— ^Wherc there is no stream of sufficient magnitude to give tho ncccs- : 
sary power, and the power is not required to be constantly in operation, it is usual to I 
form a large dun or reservoir for collecting the constant small tribute of tho stream, so- 
that tho volume of water thus accumulated may be employed to drive the mill as oeca- 
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■ion requim. For moying agrioultoral maehineiy, such as tliTMhmg-inachinea, this 
plan is Tory commonly resorted to. The com of a farm is generally thrashed in the 
winter aeason, when there is the best supply of water in tiie streams and from the 
drainage of the soil. A small mill-dam or reservoir collects during the night sufficient 
water to drive the miU through the following day. And it is thus possible, even in 
localities where appmently no water-power can be obtained, to aeeure enough for the 
work to be done, by mtecuting a properly contrived dam, and turning into it the drainage 
of the surrounding fields. 

When water is applied to manufacturing puiposes, requiring the constant supply of 
large volumes of water, reservoirs or dams are sometimes execufod on a gigantic scale, 
in order to store up against a season of drought the superfluous supply of rainy weather. 

In some of the hilly Quiets of England and Scotland, these wmrla are of a most impor¬ 
tant character, and the interests of largo local populations arc dependent on their effici¬ 
ency and permanenoe. When the differences of level in the district are considerable, 
numerous mills are worked successively by the same water, that which has driven the 
higher flowing along an artificial channel till it arrives at the next lower; and so on in 
constant succession for great distances. In such cases the mill-owners frequently com¬ 
bine to execute works for the benefit of all, and of much greater magnitude than a single 
capitalist could undertake. By such arrangements they are enabled to throw immense 
dams or retaining-walls across some valley, and can thus collect in a vast reservoir the 
drainage of an extensive range of hills, which would otherwise flow along its natural 
course to the sea without being turned to useful account as a mover of machinery. 
While the rains or melting of the snows contribute much more water than is required, 
the reservoir is filled; and when the water in it attains the highest level required, it 
is permitted to overflow into its natural channel. When the season of drought arrives, 
the mills, that would otherwise be at a stand-still, derive an ample supply from the 
rcsijrvoir, extending, in some cases, over many square miles of valley. When the 
depth of this reservoir is considerable, great strength is required in the dam; and, 
notwitiistonding the ingenuity and labour expended on some of these structures, they I 
sometimes give way; and tiio enormous volume of waU'r thus suddenly set free rushes ' 
impetuously onwaifl to the sea, devastating whole districts in its course, destroying * 
crops and buildings, and too frequently causing a great sacrifice of life. i 

The sluices or valves for opening and closing the water-channel of a mill are gene- \ 
rally of very simple construction; they consist of a plate of wood or metal made to fit ) 
against a framework fixed in the channel, and pressed against it by the water. This j 
plate is made to slide upwiufls in grooves fitting it at each side; and when it is of large 1 
dimensions, it is raised or depressed by racks and pinions, or screws fitted with appro- 
pi iato gearing. By opening or shutting the sluice, the wheel is put 111 motion or^' 
stopped at plcosunt. A channel is always provided to cany off the surplus water to the 
tail-course of the wheel, when it rises in the spout or lead above the sill of the waste 
channel. 

&ag;vlMton.~’Varions contrivances have been applied to regulate the ||pecd of water¬ 
wheels. The most effectual is the steam-engine governor, or conical pendulum (Fig. 126). 

A throttle-valve, or plate moving on an axis or pivots at its middle, is fitted into the lead. 
When it presents its edge to the current, it offers very little obstacle to its course; hut 
when it is turned into an oblique position across tiie current, it arrests all the water 
except what can pass through the openings left between its edges and the sides of the 
lead. As it is poised on pivots in its middle, the pressure of water on each limb is the 
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{ tMM I Md aaSj Saxo roquirad to moTO it ia oitliar disaetion is that nquind Sat 
I ovaraaniag tha friedon of Us invots, and the rsHStanoe of the water to its aMvemaat 

through it, a fioroe ratj ineoaaidetable. 
The goTemor is oonnected b/ rods aod 
ieveca to a valre of this deaeiiption in 
such a manner, that when trim too 
great rdocily of the water-wheel the 
gOTcmor-balls fly out from their axis, 
the Talvo is dosed, or partly so, and the 
sup^y of water to the wheel diminished. 
Whoa the whod moves too slowly, the 
balls fidl down to the axis, and cause 
the valve to open for the passage of a 
greater volume of water to the wheel. 
By this arrangement the movement of 
tire wheel is regulated with great nicety, 
and the quantity of water supplied to 
. the wheel is suited exactly to the work which it has to do. The consequence U a great 
saving of tear and wear to the machinery, and a regularity of movement better suited 
, to almost all mechanical operations than variations in velocity. 

The power which can be derived fn>m a given stream of water may be computed 
with tolerable accuracy. When, by levelling the ground, it is ascertained how much 
fall may be secured, making ample allowance fur the declivity of channel to and from 
) the intended wheel, the 
volume of water delivered 
in a certain time is to be 
computed by measuring 
the area of the existing 
channel, and the velocity 
with which the water >'>»• 137. 

flows through it The area of channel may be found by dropping a plumb-Unc, at nu- 
) merous equal-measured iuterrals, across some part of the channel where the water moves 
I with frderably equable velocity, and tracing out the section according to tho measurc- 
I ments so taken. The area can then be calculated by the ordinary rule for mensuration 
, of superficies: for example, if the total width of the surface of the stream bo 9 feet, and 
the soundings taken at every foot be those marked in Fig. 127 (in feet and fractions of a 
; foot), the area is the sum of all those depths, viz. fl square feet. The velocity of tho 
i cunent may then bo ascertaiued by throwing into it a floating body at some distance 
^aboTo a marked length of channel, so that before it floats within tho range of the 
marked distance it may have attained the speed of the current. The time of its passage 
over the marked distance may be then observed by a stop-watch. Wo may assume, for 
I instance, th^ the marked distance is 20 feet, and t^t the floating body occupies 

20 

<' 5 seconds in passing this; wo conclude that its vcldbity is '^ = 4 feet per second. 

We must not, however, assume this to bo the velocity of tho whole stream, for at tho 
bottom, and particularly at the shallow sides of the channel, the friction of the water 
on the rough surface considerably retards it The effect of this retardation may he 
oftmi observed upon a streak of Ibam spreading across tho channel, the middle port 
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«By dimtkm; but if the hole* A A be opened, then, while the p r ee eu ie on one eide of 
the tube B Temaxne the seme m before, that on the other ia leeeenod by ae much aa its 

auriace ia diminiahed. If wo 
auppoeo eedh hole to hare an 
area of one equaze inch, then 
each aide of the tube B auataina ! 
a prcaaure on one aquare inch { 
moro than the other aide; in i 
other worda, there ia a preaaurc { 
on B exceeding that on A by ! 
that due to tho area of the hole > 
in A. This excces of pressure I 
causes motion in the direction 
in which it acts~that is, oppo¬ 
site to tho flow of the water 
issuing from the holes; and the | 
force of the moTement depends ’ 
upon tho amount of unbalancf^l ! 
area in each ann, and the in¬ 
tensity of pressure upon it. I 

In the simple Barker's mill 
there is considerable loss of power ; 
from impediments to the flow of ' 
tho water. The water descend¬ 
ing tho tube nnth considerable 
speed is suddenly arrested at O, 
and spread out laterally ; losing 
by this angnliu- bend u consider- , 
able part of its velocity. For 
the same reason it again loses i 
speed in issuing from the hole.s 
A A; and, farther, a consider- i 
able part of the power is ex¬ 
pended in giving the water a 
I circular motion as it passes along the arms. A certain weight of water, as for instance 
j 2 lbs., having descended the tube to O, has merely vertical motion; half of it (1 lb.) has | 
! suddenly to be turned at right angles along each horixontol branch, and is immediately 
) put into circular motion with the arm in its revolution, as well as direct motion along 
I tho arm. The farther it flows along the tube, the more rapid is its circular motion; for if 
we take any points Di along tho tube, and tnce circles through them, wo observe 
that the inrcumferonces of these circles increase as their radii *, and as each of tho circum¬ 
ferences is psssed over in the same period, the time of a revolution, the circular velocity 
of the water at each point increases in like proportion. In order to obviate these defects, 
the form of the tube and its arms is modifi^ Thus, the arms turn from tho vertical to 
the horuEontal direction by a gentle curvature, aa seen in tho section (Fig. 130), gra¬ 
dually ftbsnging the Vertical movement of tho water into a horizontal movement with 
littie loasof force. And again, the arms, of which there may be any convenient number, 
bend also horizontally, as seen on the plan; so that while they revolve, the water contained 
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in them is really moving almost in a atiaight lin^ instead of being swept round in a 
circle. 

As the mouths of the arms must be made of such an area as to permit the issue of the 
water at the proper velocity duo to its fall, — - > 

if they are made too small, less water passes 
them than can bo supplied, and the machine 
is not so powerful os it might be with the 

given supply of water. If, on the other 0 

hand, the mouths arc made too large, tho 

velocity of the issuing water is diminished; 

and tho pressure on the opposite sides of 

the arms tending to drive them round, is 

diminished with it. Tho area of the mouths 

being decided according to tho quantity of 

water and its velocity from vertical fall, 

the antis, are made to taper gradually to 

that area, so that the velocity of the water 

may gradually increase to suit the gradually ^ 

diminished area of its channel, as it would 
naturally do during its vertical descent. jKg 

Duo consideration having been given to ^ VX 

these points, ns well os to the best mechani- 


N 
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cal arrangements for strength, durability, g 

and economy of execution, the machine be- 
comes a turbine, practically applical)lc in 
many ca-ses v’itli great advantage. M. Four- 
nevron in France, and Messrs. Whitelaw 

and Stirrat in Scotland, have executed many ^ ^ 

of thes(‘ machines, and made interesting ex- ^ /■ 

perimonts on their power and the best modes 
of ron.stnicting them. Their simplicity and 
efficiency, and the small space they occupy, 

give them an advantage over water-wheels; pi.a>. 

and it is said that they are capable of do- 

riving from a fall of water quite os much eflfective power as wheels of the best construc¬ 
tion, even if tho volume of water be large. Experiments conducted by Morin in France 
lead to tho conclusion that turbines are actually more effective than wheels under similar 
circumstances, the useful effect averaging from 70 to 78 per cent, of the power of the 
water. It has been found that even the immersion of tho arras to a depth of several 
feet in water docs not materially affect their action; so that even greater height than 
that of tho fall measured to the level of the tail-water can be taken advantage of. 

In estimating tho power that may be derived from a given fall by means of a tur¬ 
bine, fths of the power required to raise tlie water up again may be reckoned as the 
useful effect. Thus if the v’olume of water be 16 cubic feet per second and the fall 

IG X GO X 62^ X IG 

16 foot, tho power required to raise it would ho-33000-“ horse¬ 

power ; and the power of tho turbine to drive machinery may be taken at fths of 27, 
about 20 horse-power. 
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It a% imbtU* tiiAt tnrUiiiM will ia auuiy omm take tbe ^aoe of wator-wbeela. 
Tliey are as yet compantiToly novel* and not widely known* or lodred on witk preju¬ 
dice ; but ae improvementa are gradually made in their oonatiuotioa and 
ond aa they become more common in their application, thoee pnjudioee will doubUoM 
give way, and no longer interfere with the extended uao of a simple and elegant appa¬ 
ratus, instead of the large and cumbrous wheels now gmierally used. For regulating 
the motion of turhinea, anangemonts may be made simUar to those used for governing 
watcr-w'hee^ the quantity of water supplied to the turbine being regulated according 
to the speed required* and the work to whioh it is applied. The power of the turbine 
is found to be very nearly proportional to the quantity of water paasing throu^ it, 
so that having fbund its maximum po«*er, or the greatest quantity of arater that it will | 
use, we can employ | or f tfas of that power by reducing the sujqily of water to ^ or 'jtbs j 
of the maximum. ' 

ComtxiwMSCi tn Mniuing Winter.— Before quitting the subject of water-power* 
we may notice some contrivances by which a volume of water is made to raise a smaller 
volume to a greater height for purposes of irrigaliun or the like. The simplest of these ‘ 
is the Persian wheel. A breast or undcrshot-wbccl of tho ordinary kind bas a number 
of buckets hung on pivots to its cireumfercncc (Fig. 131). These buckets dip into the 

water at tbeir lowest level. , 
and being filled* arc carried , 
up one side till they come in . 
contact with the side of a ' 
spout fitted near the summit i 
of the wheel. They arc canted 
over by tliis spout, anddis- | 
charge their contents into it, , 
to be convoyed away for their ; 
required purposes. Tlieempty j 
buckets descend on the other { 
aide to be again filled and j 
lifted as before. Thus Uiu 
force of a stream having 
inconsiderable full is made 
to lift a certain quantity of 
water nearly the whole height 
of the wheel. The power of 
the wheel is expended on lift¬ 
ing a continuous weight of 
filled buckets up one side; and 
the quantity of water contained in them* as well as the height to whi<di it is lifted* de¬ 
pend upon the sixe of the floats of the wheel and the jwessurc of the stream upon them. 
We may suppose a a'hed 20 feet in diameter* with floats 8 fet*t broad and 1 ft. 6 ins. 
deep, work^at the circumferential velocity of 4 feet per second by a stream flowing at 
{he rate of 12 fcot per second. Subtracting 4 from we get 8 feet per second as tho 
excess of velocity of the stream over that of the float of the wheel; and the pressure duo 
to thgt excess ia ($ or 1 squared) that of a column of water 1 foot high. The area of 
the float is 8 X = 12 square feet; therefore the total pressure on the float is equiva¬ 
lent to 12 cubic feet of water, and it move's at the velocity of 4 feet per second* or 
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240 foot per minuto, giring tlio same force as 240 X 12 = 2880 cubic feet of water 
moved 1 foot per minute. We may deduct |rd of this to allow for various losses, tims 
leaving an effoctivo power equivalent to 1920 ouUo &et of water lifted 1 foot bigb per 
1920 

minute, or == 96 cubic foot lifted 20 feet (the height of tho wheel) per minute. 

As the wheel's circumforence may be taken at 60 foet moving at the rate of 120 feet 
per minute, the wheel makes 2 revolutions per minntO^ and therefore twice in every 
minute lifts the contents of all its budeets, amounting to 96 cubic feet^Mu we found 
above. The buckets may therefore altngoCier contain 48 cubic feet; and if their number 
bo 24, each may have a capacity of 2 cubic feet. If we estimate the qfuuntity of water 
acting on tlte wheel as the area of the float multiplied by the velocity of the stream, it 
appears that 8 ft. X 1| ft- X 12 ft. = 144 cubic feet passes per second, or 144 X 60 
= 8640 cubic foet per minute, of which OG or sVth port is lifted 20 feet high by the 
wheel which it moves. 

The hydraulic ram is an ingenious contrivance, by which a small fall of a consider¬ 
able body of water is mode to raise a much smaller volume of water to a considerable 
height. From a reservoir or dam A at the height of a few feet above the lower level of 
the stream at B, a large pipe conducts the water; this pipe has an apertnre D on its 
upper side near to its lower end, and the aperture is closed by a valve opening upwards 
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into an air-vessel, from which a small pipe F leads to a eistem at a level considerably 
above that of A. At tho lower end of the inclined jape there is a hinged valve E, 
opening inwards, and kept open by a weight fixed on a lever projecting firom the valve. 
This weight is adjusted nicely, so ns to counterbalance the pressure of tho water on tho 
surface of the valve E, but not greatly to oxoeed it. When the wei^t opens tho valve, 
the whole of tho water in the inclined pipe C begins to flow downwards, and usue at 
tho opening made by tho valve at E. Having acquired a oertaiu velocity, it presses 
with greater force on the valve, and closes it in opposition to the weight, tiiereby com¬ 
pletely arresting its own flow; but the momentum of the large body of water flowing 
along tho pipe 0 cannot bo suddenly destroyed, but must expend itself somewhere. It 
thoiefoie lifts iho small valve D with considerable force, and port of it flows into the 
air-vessel and up the pipe F. The momentum being thus absorbed, and the water in 
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the Tpitfm C having become still, the valve £ again is opened bjr the weight, and the 
opeiatioii ia repeal. Thus, bj the alternate opening and closing of the valve £ under 
t^ qnieaoent and moving preaiurM of the water, a ewtain portion of the water ia forced 
up tile pipe F, and ie prevented from returning by the closing of the valve D. The 
object of ^e air-vessel is to provide an elastic spring for the water propelled upwards; 
every that the water ia injected into it, the air in its upper part is compressed into 
a sinaUer space; and being perfectly elastic, tends to resume its former volume. It 
thaefnre ezarts a pressure on the water, and continues its flow along the pipe F during 
the intervals that elapse between the sneoesAvo discharges through the valve D. In 
estimating the power of thU apparatus to nuae water, wc may suppose it arranged with 
the flow-pipe vertical instead of inclined, as it is usually made for convenience, the 
principle not being altered, but the details of calculation simplifled by the vertical 
arrangement (Fig. 133). 'Wc may suppose that the height from the valve to the sur¬ 
face of the waUr in A is 4 feet, and that the area of 
the valve E ia 1 square foot. The pn'ssure on the 
valve is, therefore, the weight of 4 cubic feet of water, 
namely, 4 X = *250 lbs. The eflec;t of the weight 
to lift the valve by means of its lever must be 
somewhat greater than this. If the valve could be 
suddenly lifted so as to leave an opening to the full 
extent of its area, 1 square foot, the wat4>r would 
descend in C at the rate of 16 feet jwr sec<m«l, the 
velocity doo to 4 feet head; but ns the valve opens 
gradually, and is only ojh’U for a short time, and that 
not to its full extent, we may take the vehieity of the 
descending column at not mortt than {th of thi:; rate; 
that is to say, at 4 feet per setwnd. 'When this move¬ 
ment ensues, the valve is pressed on not only by the 
weight of the column above it, as ladore, hut also hy 
the weight of such a column as is due to a velocity of 
4 feet per second, which will be found by ealeiilution 
to be {th of a foot high, adding 62^ X i, alamt lot iba. 
to the load on the valve. This additional load over¬ 
comes the leverage of tho weight, and closes the valve; but the column of water, 
^ 1 foot in area and 4 feet high, contained in C, amounting to 4 cubic feet, is thus 
arrested whilst moving at the rate of 4 feet per second; aud its momentum, which is 
equivalent to that of 4 X 4 = 16 cubic feet, moving at 1 foot per second, or 1 cubic 
foot at 16 feet per scomd, must be given out as a force propelling the water along tho 
small pipe at the side. If wo suppose that this pipe communicates with a cistern 36 
feet high, the velocity due to that height is 48 feet per second; and the momentum of 
1 cubic foot, moving at 16 feet per second, being equivalent to |rd of a cubic foot moving 
at 48 frset per hour, we should expect that this quantity—.|rd of a cubic foot—would be 
propelled upwards to the high cistern at each closing of the valve. We must, however, 
reelect th^ the momentum of the larger volume has not only to balanco that of tho 
smaller,—it must considerably exceed it, because it has to lift felie valve, to give the 
motion upwards to the column, to overcome friction in the pipes and other impedi- 
manta, and upon the whole may be reckoned effective to the extent of not more than ^th 
of its estimated force. We may estimate, then, that tVth of a cubic foot is propelled 
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up to the high cietem by the deioeiit of 4 euhio ftet thioiigh 4 feet from the low^ 
cistern. Should the action not last so l<mg as a aecond, a amaller volume vill descend, 
and a proportionally smaller quantity will be aent upwmtdi, and oonvmaely; biit the 
number of tunes the descent and ascent take place in a given period will be greater or 
loss accordingly. 

Wo have presented this calculation <nily as a rough lyproaimatkm to the practical 
results. We are not aware that any car^ully-oonduoted ezperimeinti with hydraulic 
nuns have boon given to the worid, and we thmefore do not ventnie to ofBa any esti¬ 
mate as a guide for practico; but have merely discussed a case with the view of evening 
the questions that have to be connidered in dealing with such appnrotais. In many 
situations where it ma y be desirable to raise water for the purpose of ranamental fountains, 
or of domestic supply, the hydraulic ram is applicable with great advantage. A neigh*’ 
bouring stream may be danuued so as to provide a frdl of a few feet, if it has not suffi¬ 
cient local fall naturally; and the apparatos once fixed and properly adjusted will con¬ 
tinue effective for a long period. It u exceedingly simple, entirely self-acting, and 
seldom liable to derangement, if care be taken to fix gratings on the pipe so that dirt or 
extraneous matter of any kind may be prevented from interfering with the action of the 
valves. 

3, Waight and Slaoticlty of Bodloo. —^The gravitating attraction which the 
earth exerts on bodit's near its surface, and the force with which elastic bodies tend to 
resume the eondition from which they have been withdrawn, are frequently employed for 
gi ving motion to machinery, chiefly when the power required is small, but exerted for con- 
Mderai)le periods. Weight nnd elasticity are not really sources of power; they rather 
afford the means of storing up efforts of short duration for subsequent me during longer 
I>i ru>ds. Befon’ a body can act by its weight, it must be lifted to the height whence it 
lias to di'sct'nd ; and, in the same way, before a body oan act by its elasticity, its condi- 
t ion must bo changed to the extent through which it has aftorwards to return. Thus, in 
winding up a cluck or watch, as much power is exerted as is afterwards given out by the 
w fight or spring in moving the machinery with which either is connected. The weight 
of the cliH-k and Uic spring of the watch are merely instruments for absorbing at the 
moment a certain amount of power, and giving it out by degrees afterwards. The 
simplest, and, it may be said, the only general mode of employing the weight of a solid' 
bcKly to give impulse to machinery, is to attach it by a chain or string to a cylindrical 
barred mounted on bearings at some height from the ground, and connected by gearing 
with the machinery which it is intended to move. The barrel being caused to revolve by 
hand, or any other convenient power applied to it, the string is wound round it and the 
weight raised from the ground. When left to itself, the weight, attracted again towards 
the earth, descends, unwinding the string from the barrel, causing it to revolve, and 
thus giving the necessary impulse to the machinery. Did the machinery offer no resist¬ 
ance, the weight would always dmcend with a speed accelerated at every moment of its 
descent by the continued action of gravity, which exerts as much influence on a body 
in motion as on one at rest. In dropping a stone from a considerable height, whatever be 
its weight, we find that during the first second of its descent it acquires a velocity of 32 
feet per second. Its velocity at the oonunonoement was nothing, lor it began to move 
from a state of rest; at every one of the instants into which we may conceive a second 
of time divided, it acquired more and more velocity, until it attained the final velocity 
of 32 feet per second. All these acquisitions in speed are equal in equal times, because 
the force of gravity is congtowt, and thoreforo exerts equal influonces in equal times. 
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in BMtion ili (TVB^uw, Vnt alao that of 4^0 tifo irdif^ In dl ,8 Omu, or 4 tTw^ its 
own weSglit i and there^re the Teloeity wUoll thof' ott oofoln in’l oee^ oen only he 
the |th of that whioh the 2 Iba. ahme would noquire 4hat io to atff B Ibet per leeond 
ineteedofSB. The distance paeMd over mnet therefore ho only ^ of what It would be 
^jrere the moving weight left to itself without having to pit die oduna in motion. In 
^ auch cases, then, of wei^ts partly balanced, if wo knoar the total of die wei|^ put 
in motion, and the oxceu of the one over the other, wo Bad the TolDoity or the speee in 
a given time by the following rule- 

Find tho apace or vdoolty aa before, multiply I 9 die enoeas of C|pe wai|^ and 
divide by the sum of alL <!> 

Example G.—Bequirud the space passed throuf^ in 4 seconds by a wej^ of IB* Ibe, 
connected by a string over a pulley with one of 13 lbs. 

The excess of tho one is 6 llii* i the sum of both is 32 lbs. The space would be for 
a single weight, 16 X 4 X 4 = 256 feet, and 

—= 48 foet is the space descended in 4 seconds under the eirenmstaneas given. 

32 

It docs not often happen that in practice two different weights are bung ovefr a 
pulley as we have just described. The cAxst, however, is just die same if there be 
one weight acting on a barrel, and if the movement of tbo barrel be reaistod by some 
known force. If, for instance, we had a we^t of 19 lbs. attached to a barrel c<m> 
nected by niaobiuory with some other fond, and we found that 13 lbs. hung to the barrel 
instead of IQ ll>s would exactly balance the load upon the machinery, io that no move¬ 
ment of the l>uiTe1 took i)la/>e, we should estimate, os We have done above, that 19 lbs. 
bad to 8 (.>t in motion itself and 13 lbs., the drag Of the maehineiy, anff that'the space 
passed tlirougb in four seconds would bo 48 feet, as we have computed. All snob esti- 
* nuile<i, however, aie made without regard to the resistance caused by friction. The 
lubhing surfuies <^f tnu'liinery are so irregular, and subject to snob changes of condition^ 
by wear, temp(unturi>, defi< lency of lubrication, and otbOr canaes, that frietion cannot 
bo esttnuited as a re,;iilar resistance. No machinery moved by a weight, without some 
opei lal regulating apparatus, ran be expected to move with uniform veloci^, or with 
vebwity varying according to any uniform law, on account of these irregularities of 
r('aiHtan(‘e The law of motion whieh a falling body obeys is, therefore, scarcely ever 
prnitieally applunble In all machinery moved by weigh^ some coiitrivances arc in¬ 
troduced lor providing a resistance so much greater than mat of tho mere frietion, that 
the weights ajxm tho whole may bo made to descend umfomily, and not with the 
oueelerated velority due to gravitating force alone. Thus, in the tuue<keeping part of 
a cloek, tho weight which puts the whole in motion is arrested at every moment of its 
descent by the pendulum and oaoapoment. The motion of the weight downwards 
becomes in this case a st'ries of extremely short descents, recurring at equal intervtls, 
whenever the pallets of the escapement permit the train of wheels to move. The 
weight employed is so much in excess of the reautanee from friction, that the izr^pi- 
loiity in the time of each of its partial descents is exceedingly small. The *egn|aiily of 
the clock’s motion, th««fore, depcndl upon the unifonoity of foe times whi<m foe peof- 
dulum occupies in each of its beats, tho interval gating which foe weight descenda and 
the train moves being too small for any irrogulanty to ma nif est itsolt ^ In foe striking 
port of a clock, there is no necessity for extreme regobrity. The whole striking train 
M kept at rest until the timofoeeping part'pomes to such '• point, that it, removes foe 
obstacle to the motion of the striktug-weight. This, being rdieved^ begins to dssoend, 
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SXBIKIKO APPARATUS OF A C1A»CK. 


^.oi dMoendin^ with aoeelanitBfl Telocity, moTing its tram of VrUtHtli, aiwl 
Uie baouMrto strike the bell fiister «nd HttW, were not a tenuusnoe prorided 
tk^ldenttopieveiAtiiOMoelsintioofrombeoonimgtoo great The sppsratus generally 
wiUI fbr giving this resistuioe oonsists of a small revhlTing fan or nimel, with flat 
Uides, eanaed to rotate veiy rapu% by the striking train. The resistaaeo which the 
IBF oSwrs to the ^ck passage of the fi^bladss through it increases as ^flidr veloeity 
inefSasos, but in a mwflihigher ratio; and gradnally as the weight becomes accelerated 
in its descent, and tilm fan oonseqnently rendered name rapid in its rotation^ the mist- 
ance of air to the Can beoomee ,b8 great as the effort of gravitating attraction on the 
weight When this vcloetty has been attained, tho weight continues to descend with 
nearly uniform qpeed, and the strokes of the hammor* on. the bell are made to succeed 
each other at nearly eqttal intervals. These arrangements are sufficiently complete for 
their purpose; for, though a perfeefly uniform motion is not attained, the speed is so 
nearly regular that the ear doea not apjnvcUte any marked difference in the intervals 
between the strokes. 'When a perfectly uniform motiou is required, as it is sometimes 
for measuring mtervala of time accurately, as in astronomical observations, it is ncces> 
sary to have arrangements more deHeato, so that all irregularities may l>o prop*>rly 
compensated. A very ingenious apparatus was coutrivi>d some years ago by 31 r. 

Fronde, of Dartington, Devon, for giving perfectly uniform velocity of ndntiim to a 

cylinder. Thta motiou was neocssar}* for cuivbling the inventor to obt.im diagrams ex¬ 
hibiting the flow of air into a vacuum, Uie pro¬ 
pelling jMjwer of a screw on a boat fitt4^1 with it, 
gnd other interesting nu'chanical phenomena. In 
one of his app'iratus he employed a flat disc B 
(Fig. 13o) at the end of an arm snsjamded from a 

vertical axis A, which was caused to by a 

train of wheels eonneeted with a weiglit and with 
the cylinder, wliich wn.H i^equired to be unifonnly 
moved. The dis*' ri-volvmg through the air tillered 
a certain rcsistaD<-e, depending on its vel.,eiri'; and 
if at any instant the veKwity iiu'reascd, the disc 
immediately moved outward.-! from the vertical 
line, owing to its increased centrifugal force, to 
some such position as. that indieaU'd by the dotted 
lines. When at this distance, tho radius of its 
orbit D B was greater than the former radius B C; 
and therefore tho speed with which the disc was 
Fig. Itt. driven through the air waa proportionately greater, 

and tho reaistonoc of the air to ita motion inorcfl^ accordingly. The momentary in- 
ereaso of vriooity, -therefore, produced a oonsidcrable increase of resistance, and thus 
rmluced itself to its average rate; and, conversely, a dcorcssc of velocity diminiriied 
the resistance, and thus natored itself. By a pn^r adjustmmie of the disc as to area, 
the length of the atm by which it swung, and a weight on that arm, the apparatus 
served to move the cylinder for missy minutos with a velocity is which there was not 
the slightest sqqweriahle hnn^ulariW* A piece of paper waa fixed on the eylindcr, and 
a pencil, oonnected with a i^ng-balasee acted on by pressure to be meaanred, 
Itskeed mi the paper aa it tevolved a diagram, isdicatisg the intenaity of the presauro at 
winny ituttast <ff the ssBlian. 
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/Vlat eUwticity oi a ooUd bodfia as a forca fi>r moving maobinery, 

tha body is aallad a spring, and generaPy aonirirts of a atrip of sted wound into a 
spiral round an axis A, as shown in Fig. 

136; one end of the strip being fixed to the 
axis, and the other at B' to t^ side of the 
i^lindrioal box in which the spring is contained. 

'^en the box is fixed, as in a Geneva wateb, 
the axis is tamed round by a key, and the 
qjuring is thus drawn into closer convolurions. 

A wheel is fixed on the axis, and is connected by 
gearing with the escapement and bands of the 
watch. Jhe effort of the springto unwind itself 
causes the axis to revolve in the direction oppo¬ 
site to that in which it was wound, and thus 
puts the train of wheels in motion. It is the 
property of all elastic bodies to exert a force 
which is nearly proportional to the amount of 
strain to which the body has been subjected. As we wind up the spiral spring of 
a watch, we apply greater and greater strain the farther wo wind; and so whm 
tile s[n-ing unwinds itself it exerts the greatest force at first, and gradually decreases in 
pf>wer the fiirther it it unwound. This decrease of force is on irregularity which no 
modification of the form of spring can obviate, hut which may be considerably dimi* 
nUhetl by making the spring with a great number of convolutions. Hus, we may sup¬ 
pose that a spring of 20 convolutions, or turns, is wound up from its neutral condition 
to the fhll pt')wcr requin'd hr 10 revolutions of the axis. In unwinding itself it would 
lose by the first revolution of its fiircc, by the second revolution another yVth, and 
so on, until by fire revolutions backwards it would lose i^tha or ^ of its full force. But^ 
if we suppos(‘ the spring had forty convolutions, and that we wound it up by 20 revoltt«w 
lions of the axis to the same force aa the former spring, in unwinding itself it would 
lose by tliu first revolution it\tth, by the second another i^th, and so on till by the fifth 
it would lose or ;^th of its fliU force. The decrease of power in the second mstance 
is only half that in the first, the axis performing in each case an equal number of revo* 
lutions. It is therefore imimrtant to give nil springs which are required to exert a 
tolerably equal force throughout their recoil as great a number of convolutions aa pos¬ 
sible, and to employ as few revolutions of tbo axis as possible for moving the maebinery. 

In other watches, where smallness of bulk is not so much studied, and in clocks moved 

by springs, the axis of the spring is fixed, 
and the box e (Fig. 137) containing it is 
caused to revolve by the recoil of the 
spring, and to wind upon its outer sur¬ 
face a <wwall chain d attached to a frisec 
This fiisee is a conical barrel, with a 
screw-groove cut in its surface to re¬ 
ceive ^e coils of the chain. When the 
spring is beginning to recoil, and there¬ 
fore acting with its greatest force; tiie diain pulls the fusee round a^ is upper part where 
the diameter is smallest, auA theiefiira acts with least leverage ok the txain. Aa the 
spring loses fbree, the pfoQed from a larger diameter (ff«thsr friaee, and acts with 
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Mite 3^^profcsty{ivqMr* 

*^**^'1frfhri*-*Ti** in the diamater of tho i^Moe to tho diakinigfittn in tlw turn itw 
the povor applied to tlio Inin c«n ^ne be niide 4 )ot'fr^ regular tbnughoat 
tlw vliole range of the ^ling^a reoi^. Hm Aiieo-fe not a regular cone, the omiine of 
ito aeotion being part of a hyperboUo enm, Hiat bdng the foim irhidi funmibea the 
pn^MT proportion of inereaee of duneUr to dinunution of qning force. 

In machineiy moved bf Hpring^ modea of regulating the epeed^ntay be employed aa 
in nuujhinery moved by weighti. . Thu% in apring-watebee and tim balanee* 

urheel and pendulum are uaed for governing the time-keeping train, and tho fon for 
governing the atriking part In moaieal-boxec the fon ie aleo employe^ and eervea to 
give the movmnent of ^ barrel aoficittat regularity to anit the regular time of the 


muaio. ^ 

Mr. Kroude, to whom ure have already refmed, eontrived a very ingenious regu¬ 
lating apparatus for machinery moved by a qniiig, emidoying the reaistanee of the air 
aa a retailing finoe in a somewhat aiiniiar to that we have deacribedf but with 

a jtigwwwift* in tike detail^ m«A» spith a view to render the apparatus pwtnble and capable 
of "criog justly without regard to foveL The regulating part of the apparatus connsted 
of an ania with a longitudinal slot cut through it, mounted iu bearings at A A (Fig. 138), 
and csonnected with tho train of 
machinery. 'Within the slot \ 

there was fitted a short transverse ^ t 

spindle B, to which were fixed \ 

two thin hlades, kept in the pon- \ 

tion indicated on the figure by *« 

'means of a small spring made to I a ’ 

act on their spindle. When this — Be 

Bhraa made to rotate with con- ^ ^' \ ^ 

nderable velocity in the bearings » 

A A, the bladea tended, by their \ 

centriftigal force, to fiy outwards \ 

to some such position as that ' / 

marked by the dotted lines, and 

thus encountered more resistance ~ ... 

■% * .tu •MTs a—r» 

firom the air. By the proper 

adjustment of the area and weight of theae bladea and of tite spring which acted on 
their spindle in opposition to their omitiifngal fiuoe, extreme regulsrity in the motion 
of the train waa maintained. 

In gengpsl, for moving machinery with regular speed, weights are preferable to 
ntings, because the force of a wdight is constant^ while that of a spring varies accord- 
mg to its traaion. But weights act only vartically, while qnings act in any dirsetion. 
For all portable apparatus whioh cannot be maintiined in a constant level so as to make 
the dtreetion in whioh the weight acts constant with relation to that on which ft acts, 
springs rnnst 99 employed. And so ibr the regitiation of portalfie appemtni,-eeeape- 
'menti in which the darticity' of a spring is used for recoil, insfosd of the weight of a 
pendulum, must be Ukeuisa —ployed. The details of all sndi apparatus, and the many 
.ingenious oo ntri v a nceS/ ap^ed to tiimn, fonsi the anlijeot of a dirtinet sot, that of 
, J5w»logy, whwh wiU be tiesfed of ha|grftor* 

Besides contcivanccs for employ^ the —and efostieity of solid bodies for 
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gitiag vuMom to Buctunery, then en othiif ly'«^hh4h tin or preeiim of Uqtiidi 
and the claetiei^ of ga|M an alao applied ftr inch pvrpoaea. 

Am rmg thoao the h^nulie lift and the hydiwolie drane may he paatienlarly noticed^ 
The hydrauHo lift^ in its moat aunple foiV 4 conalata of a eylindar doaed at bottom, and 
fitted with aplunger mrcam, whidt paaaea through the top andanppoxta aatage (Pig. 130), 
A leather collar, fitting found 
the plunger, ia placed in a 
nceae provided in the node of 
the cylinder, so aa to proront 
the escape of water around the 
plunger. A pipe from a high 
ciatem conducts water into 
the cylinder, and another 
pipe pennita the water to 
issue it. Each of these 
pipes is provided with a stop* 
coch, so that the water may 
he admitted to the cylinder, or 
allowed to flow from it at 
pleoBuiT Since liquids com¬ 
municate pressure equally in 
all directions, every part of 
the cylinder and the plunger 
is pressed upon by a force pro¬ 
portioned to the height of the 
dstem whiih supplies the 
apparatus. Every 27 inches 
of height produces a preosnre 
of 1 111 on every square inch 
of aurfaee ezpow d to it; and 
by niolcing the area of the 
bottom of the plunger snf- 
fi( lently large, a considerable 
weight can be raised on the 
atage % hich it carriea. Thus 
if the cistern at the top of a 
house he 64 feet above t£e 
ground-floor, the preBSure on 
the internal surface of any 
vessel on the ground-floor 
conneoted with it by a pipe is 
24 Ibe. per square inch. If 
thia vessel be a cylinder, such 
as we have described, fitted 



Big. 189. 


with a plunger 10 inches diameter, )iBving therefore a sectional arett of 78^ oquare 
inches, the pressure foroing this plunger upwards amounts to 78| X 24 mr 1884 lha. 
and if from this we deduct 784 lha. as a weight exceeding fiiat of the plunger and plat¬ 
form, there lemaias a preamre of U3Q )Vi, IMlng the plunger towards. A load then 
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af1la»UMio&t,]ulfRtoi^my beplaodloiith«plAtftintt wlien it i« in it* lowoat 
tkm» t5d the being opened to the cUtern, theNrhole will httnised to a height equal 
to tl^ of the plungert which may be made aufflcient ibr lifting gooda from one floor to 
■noflier. By dooing the eiatomocock and opening the other, the water ie permitted to 
leaTe the cylinder;*«nd the plunger, no kmgcr aubjected to upward praaaure, deaconds 
to ita fbnner poeition. 

The water-preaeure may bo made to act in a way aomewhat different in detail, bnt 
•imilar in principle^ by fitting the cylinder with a piiton, conneeted by a rod paaiing 

tightly through the cylinder corer 
w)th a rope or chain, which may be 
lod by puUej'a in any convenient 
direction for Ufting weighta attached 
to It. The water-prewnn' aciing on 
the piaton, forwa it down the cylin¬ 
der, and thus pulU the i ham and lifta 
the weight Such an anangcniont 
(onatitutcs the bydroulu cninc The 
advantage of employing watiT for 
httina wtigbta in thia maniui ion- 
ai(«t<i in the tutumiiaixe that i miall 
8teutn-ou,j;int% or ot!nr power,«an bo 
conatantli employed in TaiHoig the 
watt I to a high iiatcin, uiol that 
grt'at lifting jxtwtr tnu bt ithtAimd 
for a abort time bj the t xp« ndituie 
of a ijoition of the watii thu« i iittd 
The w aterlifted to a li* i/ht lu • oin* a, 
in fait, o re8*‘rvoii *>f pi»w* r. ii uh to 
be uatd when ri quiii d, and < uniu- 
latea the eflorts of a «m ill pow • t net- 
Fig. l-W. j„g through a toiisiditahh jK-nod, 

ready to be expended aa a gn*at power acting tbnnigh a hbort time b artlo r, tbia 
powcr is completely under contnil, for by tlio mcie tunung of a atop-coi k, or th< opt ning 
or closmg of a valve, it < an be pul m ai tion ur aircati d at plcaaiirc, and the d w ith 
which a weight ia moved, and the height to which it is raised, tan be regulated with 

the greatcat nicety. • 

Apparatus have aometunca been applied in which wat«r flovnng from a high 
level, or compressed air, may be made to at t as steam in a atoam-engine, for giving 
motion to machinery. The construction of such apparatus ia very aimildt to that of the 
steam-engine, and may bo easily understood by one who baa stuped the^irangemcnt of 
the latter. 

The proaauns of the atmiwqibere haa also been employed as a moving-force in the case 
of the atmoai^lilo railway. We must, however, defer any consideration of this subject 

until we ■bwft have discussed the steam-engine. 

4 HMt mn4 Xlwetxleity* —In treating of heat, electricity, magnetism, and 
^emkal actimi, aa sourcea of power, we embrace a very wide range of matter, which 
may with adrantage be subdivided. Wo may bore merely notice the branches which 
this division of the subject onibraoeB. 




JIFAT, FflFCTltlClTY. AM> MA6KETIHM AB SOCRCES OP POWEB. 8339 


Heat ii the potrer vhich is applied in the ftaamHmgine, tiie meet adTantageong and 
griddy-omj^oyed of aU apparatus for rendernlr natural p o w nia aenrioeable to man. This 
branoh of practical dcchanica will therefore dmqaad ootandiarahle apace for its epdeial 
diacuaiion. 

Electricity, magnetism, and chemical action are the powen appUed in the electric* 
telegraph; and in some apparatus that have been coiitidved employing them in 
moving machinery. The clcctric-telugrapli has attamed an importance, and presents so 
many pointa for consideration, that we must give it also apecial consideration in another 
place. The attempts that have been made to render dectricity, magnetism, and chemi¬ 
cal action available as prime movers of machinery, have not been crown^ with .much 
auccess Wo do not think it necessary, therefore, to devote spice in a ,work on practical 
mechanics to the discussion of contrivances which have not been made practically avail¬ 
able. It is not to be denied that the phenomena attending electricity, magnetism, 
and chemical action, present forct^s which ooiild.. bo and have been applied as prime 
movers. It bos been found, hoa’cvur, that the great cost hitherto attending their produe- 
fiou, without any compensating benefits from their application, must place contrivances 
fur applying them in tbe list of the ingenious and interesting rather than the useful. 
Among these wc may notice an engine contrived to act by the alternate decomposition 
of wat<n' into its elements—the elastic gases, oxygen and hydrogen—and its re-eompo- 
sition l»,\ their coinhustion. The one operation, decomposition, produced a pressure of 
tlic cl.tslie gases liberated from their condensed liquid condition; the other operation 
coiuluised the gases again into water, and thus removed the pressure produced by the 
fonm r. The cost of det'omposing water, as it was proposed, by electricity, was .so 
gre.it ns ti» render the sehenu' prm ticfilly abortive. 

Tbe apparatus intended to utilize electricity and magnetism os prime movers, have 
been devised on ts'o distinct principles. In the one set, the attractive and repulsive 
force of a magnet has been employed as the clement «)f power, the magnet being ren¬ 
dered altcniau ly active and neutral by the movement of a suxrcnt of voltaic electricity 
aro;ii:(l the iron constituting it; or its ccs.s:ition. However great may be the attractive 
fon-c of an electn>-magnet on ir<in very mar it, it is found that-on an increase of dis- 
tauct., the force diminishes very inueh. This limitation of the magnet’s power to shoii 
disuintes renders tlie pn>bU'!:i of employing it iis a moiing force by no mcana on 
I usty one. 

The other set of electro-mignetii* engines wore contrived ^ take advantage of the 
singular properties by which in-agnctism and v<iltaic electricity appear to be connot-fed to 
one another. It is found that when a stream of electricity is made to ]>fiss along 
numerrnis wires in the neighbourhood of a luagnotic-iicedle, the needle is defluctod so 
as to stand transversely to the current. And, conversely, it is found that the meflp posi¬ 
tion of a magnetic-needle within a coil of wire encircling it induces a current of elee- 
tri('ity along tlie ware. Motion is causiul hy this reciprocal action of magnetic bodies 
and electrical currents; and it has been endeavoured to render this motion available in 
driving machinery. In this, as in all clee^-HjH^ij^tic machines, however, the coat of 
producing the power, by the solution of ainc or some other metal in the galvanic bat¬ 
tery, has boon found too great; and none of these contrivances liatw ever come into 
competition with the sU'am-engine, in which the cost of producing the power by the 
combustion of fuel is far more moderate. 


HI6T0BY OF THE .BTEAU-ENQINE. 



» THE STEIm-ENOISE. 

It ii vmal for writen on the ct«aiii*engine to give an outline of ita histary, tiilinng 
up frtMn tiM eerlieot times sucoesure ooptriraaoes and soggeetioni for rondcring the 
ehsliciQr of raponn aiplkaUe as a notiTe power. This mode of introdnoing the stu¬ 
dent to the consideration of the ueohanicsl sirangements, which now constitute a com¬ 
plete steam-engine, is not without its advantages. It is calculated to open Uie student's 
to the defects of sooeessive inTontions, and the modes in which thef have boon 
graduallr removed, until what was at one time looked on as an ingenious and interesting 
philiwoiAieal toy, has become an apparatus that bas changed the whole face of civUiacd 
society, and almost bnmght the dements within the control of man. By watching the 
steps of inventors in this progress, the student becomes well prepared to compreh«Jud the 
details of the perfected apparatus, and the reasons why certain modifirstions have been 
introduced as improvements, while others have been found practically inapplicable. But 
it happens with the steam-engine as with almost all rdber mechanical contrivancei, that 
its earliest forms arc by no means the most simple ■. and that improvcraentJi hare often 
consisted more in discarding uielm complications than in adding new parts. We think, 
upon the whole, that the steam-engine may K' kwt studied in its most simple foniis, 
regardle® of their historical leqtienee, esp^ly when a practical knowledge of iti tfm- 
struction and applications is desired, rather thin a popular theoretical acquaintance with 
iu leading features. We propose, therefore, to diseuw, in the first pla* e, the general 
propcrti<>s of sti-am, and the modes adopted for generating it in a niaiiucr suiUldc for 
rendering it availallc as a prime mover. And we will. <h.‘condly, consider the spet-iol 
forms of apparatus, or engines, through which the steam is made to a< t for protlueing 
the movement of machinery. By this ctmrse we shall ho|)c to give the reader a ch ar 
view of the whole subject; and we shaU take such opportumtics as ofi’-r them«elvi.s of 
referring to the various inventions that have, from time to time, been brought to bear. 

To the advantagi-s arisii^ from the use of stcan* as a motive power, to the changes 
tliat have been etfettod by its introduction, and the still greator changes that may be 
confidently eipected fnim iU more exten*h d application, wc need scan cly refer, niew 
are patent to all; for in the present condition of society few iqicrations are conducti d m 

which the 8t«>am-engino docs not play the most prominent part. 

Expuuiwe a liquid is exposed to heati it expands 

m bulk; and when the heat is carried to a certain point, part of the liquid 
the lest in the form of vapour, occupying a much greater volume than it did m its 
Uauid condition. It is probable that all sulwtanccs, solid as weU as liquid are capable of 
being ehanged into the vaporous fonn by heat Some bodies, such os ether and aliwbol 
amonff liquids, and iodine amongsoUds, rise in vapour at comparatively low temp*iratur^ 
Otbm. again, such as many of the metals, even after they have become liquid imder the 
influence of heat, require very considerable accessions of temperature before they pass 
into vaoour Water, one of the substances most widely diffused in nature, and there¬ 
fore mit cheaply obtained, boUs sfnidAo ooum in this respect between th*^ extremes, 
and attaint by no great msemasm of temperature properties which ren^ it especiatty 
serviw-able for human use. It is, indeed, among the most obvious of the benefice^ 
- arrangements of Providence that this substance, almost everywhere alible; 
of no^corroding power like acids or alkaUre; of no intoxicating qualities j 

of inconvenient grevity like mctals,-should be at the same time repable ^ 

quantities of heat, and of giving it out in the shaponf active motive power. It has been 
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proposed to employ the Tapours of ether, slwhol, sulphiuet of carbon, or mercury, for 
moving engines; but no advantages fnnn their use in this vray have presented themselves, 
such as could bring them into competition with water. wHl, therefore, confine our¬ 
selves to the latter substance, which is the oi^ one turned practtcaliy to account. 

The atmosphere which envelops the earth, thongh invirible, i|^verthelesB possessed 
of weight, and presses on the surface of all bodies in it exactly as the water contained in 
a oistem presses on bodies immersed in it. The pressure of the atmosphere at the sur- 
iaec of tho earth is about 15 lbs. on every square in^. This pressure varies with 
changes in the density of the atmosphere, but not to a great extent. Tho average is 
generally stated at soineu'hat less than 15 lbs. per square inch; but for all practical cal¬ 
culations 15 lbs. may be assumed without involving material error. .Water contained iu 
any vessel exx>oBod to the air is thus pressed upon, and retains its liquid form at ordinary 
temperatures. But if the temtiorature of the water be raised to ‘212% as measured by 
Fal]^nheit'8 thermometer, its vapour at that temperature has an elastic force which 
exactly balances the atmospheric pressure, and part of the water consequently rises in 
the form of vapour and mingles with the air, displacing u much of the latter os is equi¬ 
valent to its own bulk. Were the pressure of the air rmoved, vapour would rise from 
Uxe water at much lower temperatures than 212% and occupy the vacant space in the vessel 
containing it. Thus, when a saucer contaiuing water is placed under the receiver of an 
air-pump, as tlic air is extracted from the receiver, vapour rises from the water; and 
however low may be the temperature of tho water, vapour continues to rise from it as 
the preasiut! of air on its surface is diminishod. ISven under the full atmospheric 
pressuri', water is ronstantly evaporating at ordinary ternpemtures,Tor the air seems to 
have a power of dissolving water or taking it up in a vaporous form, just as water dis- 
sidvcs salt and retains it diffused through it in a liquid fi;»rm. 

At every different temperature at which vapour may exist, its elastic force is different, 
being greater the greater the temperature, but not proportionally so. Wlicn we inquire 
what is meant by the elastic force of a vapour, we can only say that it is a property 
common to all aeriform bodies, by which they react on any surface compivssing them, 
or tend to expand into a larger volume than that in whi(‘h they are confined. There 
scents, indeed, to exist a repulsive force among the particles which constitute a gaseous 
body, pushing them asunder with equal power in every direction, and requiring some 
contrary compressing force to 'retain them in their places. Wc have no example of a 
gaseous body existing without being contained in an envelope; of some kind, or being 
pressed upon by some surrounding mcdiiun. Tho air at the surface of the e.'u^ is 
pressed upon by the weight of air above it, and exerts an clastic force exactly balancing 
the pressture of the superincumbent fluid. If its elastic force wci-e either greater or less 
than tho force compressing it, it would expand and lift the air above it; or it would 
collapse under a pressure greater than it could resist. As we ascend higher, the weight 
pressing on the air is diminished, because there being a certain amount of the atmosphere 
left below, there remains a less amount above. We find accordingly that at any height 
above the earth’s sur&co the elastio force of tho airris diminished in prc|>ortion as the 
pressure upon it is 
lessoned. At tho 
top of a high 
mountain, like 

Mont Blano, the clastic force of the air is not more than half that of the air at the surface. 
If we were to introduce a drop of oil into a small glass tube closed at one end (Fig. 141), 
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•o tibi flkould form • film, or dUpbragm, •orom the tube st lome point A, nre •hould 

b ettrem A end B a portion of air in the aame oondition m that aurrousding na. 
li^ noar» tra aaor a dad a mountain we ahonldfind the air<fi)m at pmntaO, D,"'Sfliicces> 
tf?a&y,eo«a attained greater hei^tt. Bdbre our aaaeat eonunenMd the etaitio force of 
the air in A B j^eeecAthe oil-film outwiS^ with eaacttj the aam^ foroe as that of the 
wm^t of tnqterineumbent air preesing it inwards, and aocordinglj the film remainod at 
rest As we ascended we aubjeoted the film to less preamre inerarda, because we had 
leas weight of air abore ua; and acondingly tbe elasticity of the air in A B oTerbolaneed 
the pressure, and puahed the fihn- to sobm such point as E; not by fits and starts, but 
gradually as we ascended. 

We bare now to inquire why there should be any point such as C where the film 
could rest; in othm words, why tbe fdasttc fimse of air in the tube, ha%'ing once over- 
balanoed the pressure of tbe external air, should again become equal to it, and no longer 
foroe the film outwards. The nqdy to this question inTolves the consideration of a 
most important law to which aU elasdo fluids arc equally subjected. It is called 
Manioti’s law, after the name of the person who gave it to the world, and is to this 
effect;— Th» dtutmtjf of a fk u proportional to iU dcNsi/y—that is to sar. the groatei 
the number of particles of a gas wc force into a certain space, or the smaller wc mahe 
the space containing a certain weight of gas, the greater wc make its clastic force, and 
conreriely. Referring now to the air in the tube, we find that when th4> film haa arrived 
at C, the space containing the air is extended from A B to C It, and tJio elastic force is 
rfimiTiistuMl in like proportion. In fact, the density and elasticity of the air w'ltliin tht 
film is exactly the tame as that of the air without, and the film remains motionless at C 
'' as long as this equality subsists. Again, as we ascend, the external pn-tsnre diminishes; 
the elmticity of the air within pushes the film outwards, and thus extends it‘4 space until 
its elasticity is reduced to an equality with the pressure of the external air ; and so on 
without limit. In descending we should find the film moving inwanls, a<T*f>rding as it 
became subjected to a greator external pressure ; to positions such that the air cnfiai'd 
within it becaiM of a density sufficient to balance the pressure. >'otwitbsrnnding tbe 

extreme simplicity of Marriott’s law, it is on*> of the greatest 
importance, and should be thorough!}' uriil<‘isto<>d by tiny one 
desirous of an acquaintance with the steam-engine, for ii 
applies to steam as closely as to any gas. P'rotn this law 
it follows, that if wc forued air or steam oecoipying a volume 
^ of 2 cubic feet into a vessel of the capacity of 1 cubic frwit, 
w'c should find the elasticity doubled, hi'cnnse the density 
w'ould be doubled, or the volume reduced to half. Conversely, 
if we permitted 1 cubic foot of air or steam to occupy a volume 
of 2 cubic fbet, wo should reduce its clastic force to half of 
what it was before expansion, because wc have doubled its 
® volume, or reduced its density to half of what it w.is. In order 
to illustrate these facta, let us suppose that a cylindrical vessel 
is fitted with a piston that can slide in It (Fig. 142), hainng 
an area of 1 oquaro inch, and that adoad of 20 lbs. placed on 
the piston forced it down to a position C D, an inch from A B, 
f oompreasing below it. tbe air or steam occupying the port 
Ptg. 141. A B D C of the cylinder. Wo should then say that tbe 

•iosticity or pressure of the air or steam was 20 lbs. per square inch, because it 
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balsinoe* or supporte a load of 20 lbs. placed on a piston exposed to its clastio force. 
If we siqipose aootber inidi added to the length of the cylinder, the added space 
A £ F B being totally empty, and the former bottom A B snddeiJy withdrawn, so 
that the air or steam had its space or vclume doubled, we should find 20 lbs. on 
tiie piston twice as much as it should be to retain the piston in its place, and 
would have to replace it by a load of 10 Ihs., because the elasticity of the air or 
steam becomes half of what it was before the increase of its rolunio to, the double of 
what it was. We hare already stated that the pressure or elasticity of the air near the 
surface of the earth is about 15 lbs. on erery square inch. If then a cylinder like that 
which we have just described were filled with air under the piatou and placed in a 
vacuum, there would be required on the piston a load of 15 Ihs. to retain it in its place. 
Were the load less than 15 lbs., the dr under the piston would expand in volume and 
raise it; or were the load greater, the piston would be pressed downwards, increasing the 
density of the air below it, and proportionally its elasticity, until the load became 
exactly balanced. But a cylinder of the kind described, filled with air and not placed 
in a vacuum, requires no actual weight on the piston, hc- 
causo the surrounding atmosphere aifords a load exactly 
equivalent to the weight that w'ould be required in a 
rat'uum. If the cylinder were filled with steam instead 
of air, and with no load on the piston, the steam would he 
said to be at atmospheric pressure, because its elasticity 
lending to force the piston upwards is exactly balanced by 
the proofluro of the atmosphere tending to fierce it down¬ 
wards. If the piston required a load of 15 lbs. upon it, 
the steam would bo said to exert a pressure of two at¬ 
mospheres, or of 16 lbs. above atmosi'heric pressure. So, 
if the steam sustained loads of 30 lbs., 45 lbs., 60 lbs., Ac., 
placed on the piston, its pressure would bo called that of 
3, 4, 5, Ac., atmospheres; or of 30 lbs. 45 lbs., 60 lbs., 

Ac., above atmospheric pressure. 

The pressure or elasticity of Iluids, such as air or steam, 
is often expressed in terms of inches of mercury, or of the 
hoighi of column of mercury which they can sustain. It 
haiipens that 2 cubic inches of meremy weigh very nearly 
1 lb., and that 30 cubic inehes weigh,.conscqiicutly, about 
15 lbs. Now, if wo suppose a tube, having 1 square inch 
of sectional area, bent as in Fig. 143, and closed at both 
ends A and D, were filled with iherciu^' to a height of 30 
inches in one limb above the level in the other, the part 
A U being a perfect vacuum, and the part D C filled with 
air, since the weight of the column 30 iucheahigh is 15 lbs., 
this pressure of 15 lbs. is communicated tlirough the mer¬ 
cury in the btmd to the air in C D, which consequently re¬ 
acts w'ith an clastic force equivalent to 15 lbs. on the 
surface of the mercury exposed to it. That is to say, the 
elasticity or pressure of the air in C D is 15 lbs., or 1 ot-' 
mosphere; and the tube might be opened at D to the ordi¬ 
nary pressure of the atmosphere without effecting any change in the cqiulibrium 
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of tl|S BMitiirisl eobmm. The iiutnimcat in this form would boeonke the ordinary 
haromster, vhioh neasnrea the premiure or density of the atmosphere by the hd|^ 
of a nectsaiial column sustained in a tube, ercry 2 intdiea of hei^t of menniry oor> 
niponding to 1 lb. of prmure per square inch. 

If a bent tube (Fig. 144) wmre connected with a vemd A containing water, on heat 

being applied to the water, ateani would 
be generated in A, andepmw, by its 
|| elastic force, the mercury downwards in 
^ ||j ~ one limb of the tube and upw’anls in 
■ the other, until it attained such a position 
I excess of weight of mercury in 

^ H the one limb and the pressure of the 

. fH atmosphere on ita upper .surface C 

aIB M exactly balance ^e elastic force 

T;H i of the steam in A. If the height of C 

V 9 altoTe B were 60 inches, the steam 

T ^ K would be said to exert a pressure of 60 

S inches of mercury, or 30 lbs. per square 

“! inch above atmospheric pressure, or to 

I d have a total dasticity of 3 atmospheres. 

--Wchavcnlri'ady said that the elasticity 

Ifn ^ steam is greater the greater ita ti*nip<!- 

^ iB raturc. There is no simple rule for cal- 

dilating the pressure due to any given 
temperature, m Uio law which govcnis 
its variations is of rather on abstnisc 
character. The following table of tlie 
pressures and corresponding temperatnn^ of steam, or the vapour of water, is com¬ 
piled from the results of numerous experiments made with a view to establish some 
law. 

In a treatise like this we must abstain foom the di.scussion of this law, on 
account of the advanced analysis rcqtiin.d for its investigation. Nor need we oRVt a 
formula for calculating the pressure ('oiresponding to a gti'cn temperature, as thoptable 
contuns results sufficiently accurate f>r all practical purposes. The table only applies 
to the case of steam in a boiler, or vessel, in contact with the water from which it is 
generated. Were we to remove any portiop of steam into another vcmel and then Sub¬ 
ject it to beat without water being in contact with it, we would simply expand its 
volume as we should air or any other gas by an increase of temperature; or couflnihgita 
volume, elevate ita pressure according to a totally different law. 

In first column of the table the temperaturos are marked in degrees of Fahrcn- 
heit’a thermometer. 

The second ooniains the pressures in atmospheres corresponding to the tem¬ 
peratures. » 

The third gives the pressures in inches of meronry, or the heights in inches of 
neieurial columns capable of balancing the elaeticitica. 

The fourth column giveethe pressures in pounds per equare inch above that of the 
atmosphere; or the loads in pounds required, in addition to that of the atmosphire, to 
keep down a piston having on arei of 1 square inch pressed upwards by the steam. 
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Table L 


Xempetmtare, 

Presstureia 

Pressacsin 

Pressars falbs. 

FabnmiMit. 

Atmospheres. tnoliBS of mersnry.' 

atiove atmospherie. 

60’ 

0*017 

0*6 

14} below. 

120’ 

0*120 

8*6 

13} 

«» 

180* 

0*600 

16 

H 

»* 

2121 .... 

1*000 

30 

. 0 

above. 

260^ .... 

2 000 

60 

16 


276’ 

3-000 

00 

80 


290’ 

4000 

120 

45 

If 

806’ ... 

6000 

160 

60 

» 

820’ 

6*000 

180 

76 

22 

844* 

8*000 _ 

240 

105 

92 

372’ 

12000 

ko 

165 

92 

432’ “ .. . 

20000 

600 

286 

22 


Wc would remark that for tempemtures below 180” and above 344’ the results are 
somewhat uncertain. It is within these limits, however, that any praetical application 
of the table can be required, for we seldom have to do with stonm pressiug Tsith elastic 
force of less than half an atmosphere on the one hand, or with pressures above eight 
atmospheres on tlie other. 

The great accret of tho power derivable from steam lies in the fact that a small 
volume of water by heat is expanded into a large voliuue of elastic vapour, tending to 
oreupy a greatly increased space, and farcing any obstacle presented to its expansion 
with the pressure duo to its elasticity. The volume of steam produced from a given 
quantity of water has been variously stated; but we believe it may be very correctly 
estimated at 1600 times when the pressure is equivalent to 1 atmosphere. That is to 
say, a cubic inch of arater contained in a vessel ot>en to the air, when boiled off into 
steam, occu]>ics ICOO cubic inches of hulk, and forces the air contained in the vessel 
away to the extent of thqt expanded volume; or expands with a force of 15 lbs. on 
every square iuch, which is the measure of the atmospheric pressure, and therefore the 
force resisting the expansion of the steam. But hod the vessel containing the steam a 
volume of only 800 cubic inches, or half that to which tlie steam would expand at* 
atmospheric pressure, theu the density of the steam being doubled—or, in other words, 
the number of particles crow'ded into any part of the space being doubled—the pressure 
on every part of the vessel would be doubled also. If -the cover of the vessel were a 
moveable piston having 1 square inch area, it would in this cose require a load of Id lbs. 
in addition to the atmospheric pressure upon it to keep down the elastic steam within. 

Looking at the question generally, we see that the volume oconpied by steam from 
a certain quantity of water is inversely as the pressure, because the pressure is as the 
density, and the density is inversely as the volume. The following is the rule for calcu¬ 
lating the volume of steam at any pressure produced from a given volume of water. * 

Rule .—Multiply tho volume ^ water by 1600, and divide by the pressure in atmos¬ 
pheres. 

Example 1. —Eequired the volume of steam at 4 atmospheres (esr having a prenure 
of 4d lbs. per square inch above atmosphmo pressure) generated from 3 ouhio feet 
of water. 

8 X 1600 _ ^200 cubic feet of steam. 
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C^T^aeljy to find the quantity of water neceosaiy to generate a given volume of 
^eam at a given pressure. 

■Haht.~Multiplf the volume at steam by the pressure in atmospheres, and divide 
by 1600. 

Btaasifi^s 2.—Bequired the water necessary to generate 1200 cubic feet of steam at 
4 atmospheres, 

~ WO^ ~ ~ * cubic feet of waior. « 

JSxampk 3.--A cylinder 12 inches diameter and 20 inches long is filled 120 times i>er 
minute with steam, having a pressure of 30 lbs. above that of the atmosphere; required 
the quantity of water neeeawy to generate the steam. 

The area of a circle 12 inches diameter is 113 squan^ inches, and the capacity of tlto 
cylinder is I IS X 20 = 2200 cubic inches. This capacity filleil 120 tiim« gives a 
volume of steam = 2260 X 120 = 271200 cubic inches. As Utu sh'am presses with 
30 lbs. above that of atmosphert*, or altogether w’tth 4dlbs., that is 3 atmus]ilicrr«, 

the volume of water is 6084 cubic inches. 

1600 * 

From these examples it is evident that a great forue can he obtain'd by subjecting 
water to the action of heat. Just as a few grains of gunpowder on being ignited be* 
come suddenly tran<*fomied into a loi^o volume of elastic gases, which by their c\pan> 
sive force prop<d a ball with great vehwity, or burst asunder the solid ro< k ; so a stmill 
quantity of w'uUt heated ubi've 212° is changed into a perfi^ctly el.i>tic vapour, prcHMtig 
upon tho envelope oontainiiig it, and forcing any body op(H>sii:g its expiinsioii through 
a space suffineiitly groat n) permit its enormous increAs*.’ of bulk. But not only to the 
expansion of its volume does vaporixed water owe its cici-Ilciicc as a moving furci*, for 
its increawd voUtmi* can be suddenly reduced to a small bulk by the ajiplication of cold, 
or thenmioval of tlic heat which is nect'ssary to its vapoious condition; and whatever 
force the steam exerb-d in expansion, is returned again by its condcniMition. 

Thus if a ves'iel containing 1 cubic inch of water, and < uhn- inches of air, were 
heated s<> a.^* to turn tiic water into steam at twice the atnempiieric pressure, the steam 
would force out the air and occupy its place; acting as it exparnlcd with a pressure of 

l.T ll>s. on every square indi above that of the ntiiiospbere. 
Were the vessel now cooled so as t<ireduce the bOO cubic inches 
of steam to 1 cubic inch of water, tho vacuum left by Die 
condensed Steam would l>e immediately filled by air pressed 
into it by the sunrounding atinosphere with a force of 15 lbs. 
on every square iiibh. Were Uie vessel fitted with a piston or 
partition capable of sliding upw’ards or downwards in it witli- 
out permitting the passage of fluid round its edges, the effect 
would be the same; fur if tlie piston at A (Fig. 14o) were in 
conUw-t with the water lH*fore boiling, and raised to B by its 
expansion into steam on heat being ajiplied, it must, in rising, 
have bet-n subjected to a pre»«uix! of 30 lbs. on every square 
inch of its under surface, so «» to oviTbalanco tho atmosphe¬ 
ric pressure on its upper surface by 15 lbs. On cold being 
applied so as to reduce the sti'am to its original volume of 
water, the pressure on the under surface of the piston being 
removed, tiiat of thc^air on its upper surface again forces it downwards from B to A, its 




Fig. »45. 
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original position. Thus, both in tba asct^nt and in the descent there is developed a force 
applicable to the movement of maehinety properly connected with the moving piston. 
In order that vc may attain some notion of the amount of this force, let us suppose tbs t 
the piston has an area of 1 square foot, and can rise and fall 2 feet, and that we have 
the moans of generating and condensing the steam in the vessel 50 times in every 
minute. 

Since 1 square foot =.144 square inches, 

And on every square inch the pressure is . 16 lbs. 


Thc'total pressure on the piston is . . . 2160 lbs. 


This force is moved 2 feet up and 2 feet down 60 times per minute, or through a 
space of 200 feet per minute, and is therefore equivalent to 2160 X 200 s 432000 lbs. 
moved through 1 font per minute. A horse-power being reckoned at 33000 lbs. moved 
1 foot per minute, the force of the piston, as we have estimated it, is equivalent to 


432000 

33000 


= 13 horse-power. 


From tills example it will appear that by increasing the 


size of the piston, the distance through which it is moved, the rapidity of its alternations, 
and consequently the means of generating and condensing the steam, almost unlimited 
power can be attained. 

• In many .‘tteam-engines advantage is not taken qf the power derivable from the con¬ 
densation of the steam—its mere expansive power is employed; and, after having done 
its work, the expanded steam is allowed to escape into the atmosphere. This system 
is adopted for the sake of economy, lightness, and simplicity in the constmetion of the 
engine; .and such engines are called high-prttaure or nonteondeimuff: high-pretturey 
because the steam must exert a pressure considerably higher than that of the atmosphere 
:igainnt which it has to act ; or noti-etmdrMing, because the steam is not condensed after 
having d«>ru' its w'ork. In other steam-engines, called lo»'~prc»sure or eotuiensing 
ctufiues, although greater power is derivtHl from the steam, yet the m.'ichineiy is rather 
lie .re comjiIi'X and heavy and more liable to derangenieiit, and a large supply of cold 
water is nei-essary to effect the condensation of the steam. Of late years many engines 
have been advantageously employed whore the steam is first caused to act as it does in 
a non'Condensing engine; but instead of Ining blown out into the air, it is afterwards 
mode to do duty as in a condensing engine. Such are called couihified engines, because 
the principles of expansion and coudeusation arc combined in their action to a greater 
xtent than in most others. 

Before entering upon questions connected w'ith the practical construction of the 
steam-engine, it will l>c advisable, in the fi.i'St place, to discuss theoretically some of the 
principal fm-ts connected with the expansion and pressure of steam, or generally of 
elastic fluids. 

If we siijipose a cylindrical vessel fitted with an air-tight piston, and containing, within 
it a certain volume of air, steam, or any gaseous fluid piTfeclly ebastie, we may represent 
the amount «if pressure w'hich the fluid exerts on the piston at B (Fig- 146) by the length 
of a vcrticAl line B C. For example, if the area of the piston bo 1 square inch, and the 
pressure on it at B be 15 lbs., wo may draw' a lino or ordinate B 0 15 inches long, 
taking 1 imdi for each pound, or 16 half inches, or 1.) ti'iiths of an inch, or any other 
proportion that we may find convenient. If tiow we applied a force to the piston so as 
to push it along the cylinder to aumc placie Bj, and there drew an. ordinate Bi Cj having 
a length beai'ing to the pveasare on the piston at B| the same proportion oa the length 


! 
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of B C boan to the preasuro at Bj; and if, farther, are drev an ordinate^Bt and others 
at any namber of mtermediaU* points, wo might, by tracing a curve 0 ^ 0 ^ 0 through all 
the points so determined, exhibit graphically the rate of variation of pressure acoording i 



Pig. 146. 


to that of volume or density. The laa-, to which we have iilr.-fily hIIu.UiI, <•;»]]■ ! 
Marriott’s law. is very hiinple, viz. that the volume miiltii»lied hy tin- pr* x^iire j** nlv s , 

constant—that is to say, the length of A B (which reprcHent* the V'Junic of jra- wl.i n ^ 
the piston is at B), multiplied by the height of B C (which rr-prcik'nt'^ the at 1'. , 

givi's the same product as that of the length of A multiidied by li, oi <>f A Hj i 
multiplied by C^. 1 


Xote. — The curve Cj Ci C (Fig. 146) is called the iinil it l an n a liiy 1><- 

tmt'eil peoirn Iri«-.'illv llms ; 
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Fig. 147. 

the area of A B C B, as might readily be proved. Any number of points, such as Cg, 
being found, the curve can be traced through them. 


If A li (Fik 147) be the 
given vtiluiiie ur length of 
the cylinder when the 
pressure is H C, take any 
other point Ih and draw 
an ordinate G cutting 
in F a line C E parulltd to 
A II; j^iii A F, and pro¬ 
long it to meet B C m D, 
and through 1) draw D Cj 
pamlhd to A B, cutting 
Bj G in Cj; then is the 
point of the curve cor¬ 
responding to Bj. for 
A B 2 X 11-2 C.J, or the area 
of the rectangle A B 3 C 3 II, 
is equal tf> A B X B C, or 
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If, instead of filling tho length A B of the cylinder with fluid, and then forcing in 
the piston so as to compress it, increasing the pressure in proportion to the increase of 
density, wo supposed the piston to be at and the part A B 2 of tho cylinder filled 
with elastic fluid, it would force the piston towards B with pressure gradually diminish¬ 
ing with the density according to the same law, and tho curve C 2 C] C would terminate 
the ordinates representing pressures along the stroke or distance passed oxer by the piston. 
This is precisely the condition under which tho piston of a steam-engine is ordinarily 
worked; and by taking a practical example wo may ascertain what power is developed 
by the expansion of the steam. Wo shall suppose that in a steam cylinder of 1 square 
inch area the piston is close to tho end A , and that by an opening there steam, having a 
pressun* of 4 atmospheres, 60 lbs. per square inch, is admitted so its to force tho piston 
away from A to the position B 2 , 1 inch from A. The steam-opening then being closed, 
tho cylinder contains 1 cubic inch of steam 4 times the density of steam at atmospheric 
prcssiue, and pressing on the piston with a fon;c of GO lbs. When the piston has 
reached B|, 2 inches from A, the steam has expanded to 2 cubic inches, and is therefore 
half its former density, or twice that of steam at atmospheric pressure, acting on the 
piston with a force of 30 lbs. At B, 4 inches from A, the density is one-fourth of that 
at Bo, and the pressure on tlic piston is 15 lbs. By reckoning the pressures at a number 
of intermediate points, wc might ascertain an average pressure of nearly 35 lbs. 
thrfmgbout tho stroke, and thence calculate the power dcvelopt^d by tho movement of 
the piston to bo 35 lbs, moved through 4 inches, or 140 lbs. moved through 1 inch by 
the action of 1 cubic inch of steam at a pressure of 4 atmospheres—a quantity that 
would be generated from 4 J„tb cubic inch of water. 

Now, if wc take another ease, using the same quantity or weight of steam, but at a 
different pressure, we shall find a marked difference in the power developed. Let us 
suppose that steam at a pressure of 2 atmospheres, or 30 lbs. per square inch, is ad¬ 
mitted so as to force the piston through 2 inches of its strolje ; we have 2 cubic inches of 
stoam at 2 atmospheres, which are equivalent to 1 cubic inch at 4 atmospheres, and 
would be generated from the same quantity of water, 4 Joth cubic inch, at nearly the 
same e^'penditun' of heating power. We should in this case find the average pressure 
on the jiiston, throughout 
the stroke of 4 inches, to 
be about 24 lb.s., or equi¬ 
valent to a weight of 9G lbs. 
moved through I ineh. At 
first sight it appears start¬ 
ling, that by an expendi¬ 
ture of no more heating 
power in the first case, u'e 
anould liavo obtaim*d 45 
« per cent, more power than 
in the second; but such is 
the fact, nevertheless; and 
that it is so may be clearly 
seen by tho diagram (Fig. 

148). Let A B represemt the stroke 4 inches long, A G the pressure, 4 atmospheres j 
(rcpresentcMl by 4 inchca in height), continued through 1 inch of the stroke, as diown j 
by tho lino C D; then from D let tho pressure-curve be drawn till it terminates at | 
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Gf B 9 boilig 1 indii high, repmenting the termiiud pnwure 1 atmoephere. Then tlie 
urea the compound figure A C D F G B representa the total power developed in Uie 
I fint caae by the expenditure of a quantity of steam repiesonted by the area of A H D C. 
Again, let the pressure in the second case of 2 atmospheres, represented by A £, 2 inches 
high, be continued through 2 inches of the stroke to F; a portion of the same pressure* 
eurve F G will enclose the pressures during the rest of the stroke. In this case the 
power is represented by the area of the shaded figure A B G F E, the quantity of steam 
expended being as the area of A K F £. Now' the area of A K F £, or 2 X 2 = 4, is 
precisely the aamo as that of A H D C, or 1 X 4 = 4; while the area of A B G D 0 
exceeds that of the shaded figure by the portion £ F D C—so much clear gun of power 
by the higher initial pressure, and greater range of subsequent expansion. We have 
here supposed that no resistance is offered to the movement of the piston. If it be 
conceiv«;d to move in opposition to the pressure of the atmosphere, the gain by expansiim 
of the steam is even more marked. A line G li rcprtniont.s the constant atmospheric 
resistance, and cuts off from both figures an area A B G Ij, which leaves the effective 
overplus of force impressed on the piston so as to move macliiitciy', represenU’d in the 
one case by the area of L G F £, and in the other by L G D C. Numerically, since 
wc found the total force in the two casi*8 to be equivalent to 96 lbs. and 140 lbs. resp<*( - 
tively moved through I inch, and as the atmospheric resistance is Id lbs. throuf;}i 
4 int^es, or 60 lbs. thn:»ugh 1 inch in Initb ('Oscs, the effective forces are as 140 — 60, or 
80, to 96 — 60, or 36; that is to say, the one is more than doulde the other. 

This mode of graphically representing forces is not only of an interesting, it is also 
of a most useful character. Watt inxentctl an instrument which, being applied to a 
steam-engine, could draw upon a card a figure such a.s we have employed, representing 
the power developed by the ac'tion of the steam in the engine. He, however, sceiittil 
to coiJsidcT it only as an interesting toy; but of late years tliis instrument has lK'«‘n 
found to be of the greatest u^lity. It is i ailed the imUeatw, and is capable of not only 
representing with great nceiiracy the power dcvclo|K‘d in the engine to which it is 
applied, but also of exhibiting defects in design and coii.^tructiun, and of suggesting 
impnivementa. We sh.all ha^-e occasion hereafter to enUr more particularly into the 
details of its construction and application. 

Xhe Boilex.—In all steam-engines, the boiler or apparatus for generating the 
steam is a part of prime inniortanee. In devising a good iHiiltT, the problem is to 
obtain the greatest quantity of steam, or to boil off the gn^ntest weight of water with 
the least weight of fuel consistently with due simplicity, durability, strength, and economy 
of material and labour in its tonslmction. It must ho a ves-sol capable of containing 
water, and affording space for steam generated from it; every part of it being exposed 
to the pressure of the steam within, it must he capable of resisting tliis bursting force, 
and in its construction precautions must he taken for safety in case of the pressure 
tending to exceed the strength provided to resist it. A ct'rtoin portion of its surface 
must he exposed to the action of the fire; and as the materials which w'o have to use in 
its construction suffer when exposed to excessive heat, and as we cannot, consistently 
with economy, afford to apply any portion of niir fuel ineffectually, wc must make pro¬ 
vision for having the interior of the fire-surface covered with water to rective the heat 
communicated t^ugh it. The most simple kind of boiler is one of cylindrical form, 
(Pig. 149), placed horizontally, with a fire arranged under it so that tho direct heat of 
the fire, and of the heated products of combustion in their passage to the chimney, act 
through the metallic casing on the water within. The water only partially fills tho 
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J boiler, leaving a spaco above it for etcam, which is conducted from the boiler to the 
; engine bf a pipe leading from its upper aide. 

I It is found by experiment, and indeed it seems to bo a reasonable conclusion, that, 
' witliin proper limits, haring a certain quantity of fuel to dispose of, the larger the sur- 



Fig. 149. 

• 

fnee of water over M’hich the heat developed from combustion is spread, the greater rdll 
be the heating effect produced, or the larger will be the quantity of water turned into 
^feam. In fact, it becomes the object of the engineer to allow as little as possible of the 
b(<at to escape by the chimney, and consequently to arrange his boiler in such a manner 
:is to make the water absorb the greatest possible quantity of heat, by exposing the 
largest possible surface to the combustion, disposing that surface in the best manner. 

The strongest form in which a vessel can be made when it is intended that it shall 
resist internal pressure, is tliat of a spherical shell. If then in the construction of steam- 
boilers strength alone were studied, the spherical form would be generally adopted, 
Itut of all forms of vessels, the spherical is that which has th^ smallest siufacc in pro- 
]M»rtion to its capacity, and it is tionsequcntly ill-adapted for the purpose of a boiler 
where the amoimt of heating surface is important. Next to the sjihcrical in point of 
strength, and superior to it in respect of superficial area, is the cylindrical form, with 
^ hemispherical or rounded ends (Fig. 149); and accordingly this form is very generally 
adopted for stcam-Itoilers. 

I In order to render avaQahlo as much as possible of the surface for receiving the 
' !.cat, the heated products of combustion arc not permitted to escape directly from the 
j fire into the chimney, but are carried round the boiler by flues generally in the manner 
I indicated in Fig. The boUcr is placed on two banks of brick-work A A, between 
I which are fixed the firo-bars B, so that the flame may play on tho bottom of tho boiler, 
'fho products of oomhustion, heated to a high temperature, pass along under the bottom 
of tho boiler, upwards at tho far cud C, thcnco along the side flues D D formed by brick- 
j work, till they finally proceed by any convenient flue or channel £ .to the chimney. 
By this arrangement a large portion of the heat contained in the products of combustidn 
is absorbed during their passage along the bottom and side surfkccB of the boiler, and 
' given to the water contained in it; while the brick-work, being a very imperfect con- 
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ductor p£ heat, permits very little to escape ineffectiTcly. The power of a boiler 
arranged in this manner depends uiK>n the extent of fijt'-grate, or quantity' of combus' 

I I tiblc matter consumi'd in a 

I I given time, and the superficial 

_boiler on which the 

f " products of <‘nnihustion play in 

' their coiirso towards the chim< 

That there shouhl 1 m* sonic* 
/' relation Ivtwoon those quantities 

Hj-T- evident from the follow - 

. ing considerations. If the qiian- 

' , tity of fuel consumed lie very 

p'/ ■■ great while the flue-surfaeo is 

B ^,' ’3' ^ small, the proilucts of eonibu.M- 

^'L tion will not have sufScient ojt- 

heat, and will, therefore, carry 

TK tICOXBni «(• Tll'>, 

up the ehimney and w’asde a 
I I liu-ge amount ot 

_ I healing pow- 

B* I ^ Mluc'h, hy 

\‘.7'7»77.’f^.. ...... ■ . .-^ ht;it( r arrange- 

'**^ ''^'**~^*^"*'*****--r^ grate lie tiw* 

—1^3'3'';'' ? ,'.-';j •',''^',y < ' Kf i' ■ f‘n»«ll» while 

, I ..y.g;j^PfRaa8m.,,.J^ '//^' <'J-^P;Vr ‘^it'flue-surfaee 

islarge,thepro- 

' ' ' ' ducts of com- 

have parted 
with their heat 
before reaching 
the chimney— 
ft large portion 
of the fliie-Bur- 
faco will thus 
be rendered 
useless, and 
K the draught 
(caused by the 
ascent of hcat- 
rua. cd air in the 

Fig. 150. chimney) will 

be doggish, and the combustion slow. We believe that praetionlly it will be found 
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PISfEXSlOXS AND POW£B OF STEAM-BOILERS. 




:i.lirantagcou8 to adopt tho foUoa'ing rules as to size of fire-grate and quantity of 
iluu-surfaco in a boiler, such os wo have described, called the cylindrical egg ended 
boiler. 

To the diameter of the boiler multiplied by its length add one-half: the result may 
b(> taken os the fiuc-surfucu; and this jiroduct (in square feet) should bo 10 times tho 
li(jrso-power. Thus, in a boiler 4 feet C inches diameter, and Id feet long:— 


Since 15 feet X 4^ feet =.07J square feet. 

Add one-half.33^ „ „ 


The flue-surface may be taken at . . .101^ ,, ,, 

equivalent to 10 borso-power. Again, for every borsc-power there should be jths of 
a square foot of fire-grate. I’or 10 borse-povi*('r there should therefore be 7^ square 
I' -et of fire-grate, a .surface that might be made up by taking tlie length of tlic lire 3 feet 
!• inches, and the width 2 feet, since 3 feet 9 inches X 2 feet=: 7f square feet. 

The eonvenso rule for finding the diraensiuiis of a boiler suitable to a given power 
i-« the folhnving-—From 10 times the horse-power subtract its |rd p-art, and the result 
ill be the jiroduet of the diameter by the length. Thu.s, to make a boiler of 10 horse¬ 


power :— 

Sim(-10x10=.100 

Subtract ;|rd =:.331 


The prodiKl of diameter X length =.GGJ 


"Wc'suv at liberty to take any convenient diameter and length that might make up thi:^ 
i :-t>duct within proiu-r limit:'. Thus, making the 


ft. ft. m. 

Djjjueter 3 and the length must bo 22 3 product 66j square feet. 
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Atiy of these dimensions may be chosen according to tho particular circumstances of 
ti.e case. Were We to take a tliunicler smaller than 3 feet, with n greater length than 
.*2 feet, or a diameter greater than 7 feet, with a length less than 9 feet 6 inches, wo 
'■hmild find practical difficulties in fixing .and u'orking, and lose useful effect from the 
i‘.Ktreme lengthening or shortening of the fines. 

When it i.'! desired to obtain givater beating surface within a smaller space, it is 
found very ailv.intageuns to construct the boika* t>f cylindrical form, with a cylindrical 
due or tube passing thru|uh tlie water; so th:tt not only may the exterior surface ex- 
p.iscd to the flues reeeivt^eat from the pr«»dueta of combustion, but also tho interior 
irface (►f the tube. 'NVlien this tube is made <if sufficient size to admit the fin) within 
u. as in Fig. 1.51, the boiler is calUnl a Ooioiish boiler, from the cii'eum.stanec of its being 
first cxtensivclj' applied with excellent effect in Cornwall. The arrangement of flues for 
a Cornish boiler is generally simibar to that represontud in the figure. Tho boiler 
s e.sts on two banks of brick-work A A, with a space fur the bottom flue B left between 
them. Tho fire-grate is fixed at C in the front portion of tho tube; and the products of 
combustion pass along tho tvibe, spread at the end £ into the two side flues F F, descend 
at G G to the bottom flue B, and pasw thence to the chimney. Tho quantity of flue- 
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aurfaco in a boiler of this kind ojccecda that in the simple cylindrical boiler by nearly 
' i- the internal surface of tho tube. But sa the hot pn>> 

^ __r? ducts of combustion pass chiefly along tho upper aide 

/ of the tube, and leave its lower side generally co- 
'. vert'd with a c«>at of non-conducting stmt and ashes, 
' '^'e cannot safely ivckon much more thiui half tho sur- 

f«M» <*f ‘W effective heating surfiu'c; that is, 

time the lube’s dinnietcr multiplied by its length. 
In order, then, to estimate the power of a Cornish 
J . ' ' ^ boiler, « f should .eoleulato the external surface us 

Vt i 1 . ... — ( l.■■^ ! iH'fore. anil add to it the product of 1| time the 

Tsvsirxan uenm. ^ dioJncU'r of the 

V, tube by the length 

- '{■ ^ fur the total il- 

I_ . A J feclive surliiee; :il- 

—iJ" £1.1 n hming 10 Mjuar*' 

■ f"' 

I /' horHc-powir. 

a ~ - "- ^ , ■ i, J lei'iial dianu’tei mi l 

a ^ -.,7^ ^ the diameterot ti;<' 

i'i: f u I in' if ' i,. !': . . iii f . / t ri . l tube ^in feet), mu l- 

•" add one-half to ti.e 

c - .j p. ^' junduet, and ui- 

-V _- - | __ A-ide by 10 f^r tiir 

j -^ ~ j horse-pow* r of ll.t- 

^ ^ - \ 
*" ***^’^ ' Condsh ImiiU-t, d 

'-' / ~ • I diameter, and 

'•, aiic-iui» 3 

Kori^ i.ai^i n... ■ • r i .o i n i i i t i. n i m diameter, requireii 

, Its power. 
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Diameter of Viiler 
Add diameter of tube 


5 feit. 


M»dtii>ly by length.Di ?» 

ftC square feet. 

Add onc-half of 9C =.48 

Divide by.10) 144 

Horse-power of boiler.14^ nearly. 
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. 1 
Tho converse operation fqr finding the dimensions of the boiler when the power is | 
given, would be:—From 10 times the power subtraet its jjrd part; and the remainder 
gives the product of the length by the sum of the external and internal diameters. 
Example, —Thus, for a boiler 14j horse-power— 


Since 10 X 14} =.145 

Subtract |rd of 145 . 481 


I 


97 nearly. 

Tliua, 97 is the product of the length by the sum of the external and internal diameters. 

In this case, again, wu must consult the circumstances of position fur determining 
lh«‘ suitable length and diameters. 'J'ho diameter of the tube should nut greatly exceed 
hull’ that of the boiler, because there should be an ample covering of water over all the 
heated surfaces. And again, it shoulil not be les.s than 1 or 2 feet, boeaiisc it must admit 
siilHcient area of fire-grute unlhout c‘x<-<‘h'ive length. The fire-grrite in the case given, 
rci koniiig '^ths of u square foot per hoi-se-po«'cr, should be about 11 .square feet; and as 
a length of fire <'xeee<ling 5 or (> feet would become inconvenient, we m\ist take it at 
lea.'t 2 f<Ht in breadth - that i.s to say, the diameter of the tube must be 2 feet. The 
diameter of the boiler might tlnai be 4 feet, and the length would be lor these diameters 


2 + 4 


= 10 feet. 


Were we to take tho dianicters as 3 feet for the tube and 5 feet for 


tlu* Itoiler, the length would b<> =12 feet. 

0 + 0 T 

We bf llfve it will Ik* found piuetieally advantageous to make the length a little 
ne*re tliau thn*c tinu's tin* diameter of the boiler, the diameter of the tube being rather 
molt* than half that of the boiler. For 141 lior-se-power, aeeordiug to this jirupurtiou, 
U(' sliuuld have 


Ihameter of hoihr.4 feet 0 indies 

Diameter of tube . .2 ,, (5 ,, 

lamgth of boiler.1» 0 ,, 

Tn eases where the dimension.*! of the Iwiilor are considerable, two or more tubes arc 
ii'tioriun*(J, as in Fig. 152. The tubes aie always 
]ilae( d as low a.s possible, allowing 4 to ti inehes 
between th(*m and the outer easing, in ord<T to 
li.ne tlieir up]w*r and hott**st surfaces well <*overed 
M dll waier, without interfering iueonvenieiitly with 
the steam space above. 

For marine steain-beiilers, where hriek-work set¬ 
ting would be ineonvenieiit, it is usual to arrange 
thi* whole heating-surfact^ within the boiler, by me.'ins 
of flues jicrvading it in nil lUrections (Fig. 15.‘>). 

The water is thus divided into sht^eta about 6 inches 
thick; heated on one or both sides by the products of 
combustion as they pass along tin* flues. In all siu*h 
boilers a heating-surface of at least 10 square feet per horse-power, and fire-grate 
from 1 to jLh of n square foot per horsc-powi’r, should he jiroxuded. Nor should the flues 
he too small in sectional area, nor too much broken up or prolonged, lost tho draught or 
rapidity of movement of air, and consequently of combustion, be interfered with. Of 
late years, tubular boilers have been very extensively adopted, both for marine and for 
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land Theao were fint employed principally in loeomotiTO onginea, aa they 

afiRnded a meana of 

^^SnSiSi^S^Sai^^SSSafiBm^i S^B^5^5S k^a aocuring very large flue> 

j -„ r== ;! surface within a limited 

^ /^>esa5ggeagga 1 § I -■ ■ - -'= ^. jj apace, end without cz- 

@ f g ■ : - — jj oeaaive weight of ma- 

ra T H teiiaL ^Fig. 164 repre- 

g ^^ I | -'' : .. ;£;__^ I of tubes in a locomo- 

H ' '* ..I -- ' "*• ~r~i= I The body of iho 

^ I -.... ■ .li } boiler A is cylindrical: 

at one end B is the 

‘*“““"*""**“"*1 I 8urroiindi*d by 

Fig. 163. water apace ; at tho 

other end G ia the smoke-box, surmoonted by tho chimney. In the body ore arranged 
niuneroua small tubes com¬ 
pletely aiiTTOundcd by water, V f 

tlirough which the products 
of combustion pass in their 
progreaa from the fire to the [ ^ 

chimney, deliveringthc greater 

portion of their heat to the I i I I 

surrounding water. The 

cTaporating power of a boiler ■« . _j_ -::—-n ^ 

of this kind is very great, os ~ ~ J ~ a 

wc may readily believe on I * ^ ^ 

calculating the amount of = 

beating-surface in a boiler of 1 ~ * 

the foUou’ing dimensions :— % 

Fire-box inside, 3 feet G “- 

inches X 3 feet 6 inches X 3 feet 6 inches ' f 

has 60 square feet actually exposed to the 

fire, and therefore most valuable as heating- 

surface. 120 tube's 2a inches diamrU'r and 

10 feet long give 800 square feet of eflrf<-tive f j 

flue surface; the whole, including, smoke- I 1 

box, being contained in a space about 13 J L 

feet long, 4 feet 6 inches wide, and 4 feet 6 - _i V 

We have now described, gencrallv, the i 

different kinds of boilers used for genera- ^ 

ting steam. They arc, of course, subjivt to ^ ''***V*‘** 

numerous modifications in their details and ^ 

proportions, according to local ctreum- r 
stances and peculiarities of use and situation. 

They are generally mode of wrought-iron *' 

plates, from ^th inch to 'Jths inch in thickness, according to the magmtude of the work. 


•.•.v.x.:.::! 


'‘***k* ‘ * ^ 




Fig. 151. 
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and the amount of preasure which they are intended to austain. These plates are 
made to overlap each other at the edges, and ore fastened together by rivets or round 
pins of iron passed red-hot through holes provided in the plates, and riveted 
over so as to form a head. A heavy piece of iron is held against the under aide of the 
rivet-head, and the other end of the rivet is strode repeatedly by heavy hammers, 
and frequently finished by applying a tool holloaed to the shape of the intended 
head, and striking the tool by the hammers. The rivet, when the operation is eom- 



fIk. 155. 


plctc, is of the form A (Fig. 155) when finished by smart hammering, called 
riveting ; and like B when finished by the tool, being then said to be button- 
hcailed. As the operation of riveting is performed when the rivet is red-hot, not only 
is the quality of the rivet not impaired by the hammoiing, as it would be if hammered 
M’hcn cold, but also the contraction or shrinking of the rivet in its length when it cools 
draws the two plates together with great force, and renders the joint impervious to 
fiuid. When it is found by trial that the joints of the plates, or the edges of the rivcl- 
hcads, oiu not quite tight, as manifested by the leakage of water or steam through any 
of them, a blunt steel tool is applunl to the leaking edge, and struck smartly by a 
hummer, so as to caulk the joints or force part of the iron into the crevice. 

If we suppose, for instance, that an opening exists between the plates at B, and 
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Tig. 15G. 

round the rivet-hoad at A (shown greatly exaggerated in Fig. 156), the caulking tool 
applied at the points marked C forces the iron of the plate edges and of the rivet-heads 
i.ito the interstices, and thus renders the jointing tight. For jointing the plates at the 
angles, a peculiar kind of iron, called angle-irOH, indicated in section at A, Fig. 167, is 
employed; and where there are considerable fiat surfaces of plate exposed to bursting, 
pressure stays, B, arc introdiiecd at proper intervals to prevent the plates from being 
forced asunder. 

For fixing the tubes of tubular boilers in the plates through which they pass, holes 
are first bored in the plates of a proper size to fit the tubes tightly; and the tubes being 
cut of the proper length and put in their place, the ends are forced open by means of a 
conical tool driven by hammering into their mouths. Other methods of fixing tubes and 
stays arc employed; and there are niunorous other details of boiler-making of a technical 
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upon whidi wo nwd not entor* Tho Aimsoo or fira^gnito of o boiler in 
graenlly made of niuneroui ban of wnmgb or caaUiioiii bud aide by aido aoaa to fonn a 


1 



Fig. 15:. 

gratinji^ on which the fiiel is placed, tearing spaces about } inch wide between Ujc 
bare for the passage of air upwards to support the combustion, and of the ashes or 
incombustible refuse downwards into the ashpit. In front of the bare there is g<-ne- 
rally plat'cd a dead-plate or surface without openings, to ri'ocivo the ftesh fuel, wliii h, 
lying there for some time cxposc'fl to the radiation of the fire beyond, parts with a por¬ 
tion of its gases, and is partially cokt‘d before it is pushed onwards to the fin -grate. 
The gases are ignited in their passage over tlic hot fire, and produce flame, \vhi*-h 
plays on the surfaces of the flues. When the supply of air is defieient, large volumes of 
these liberated gases, having numerous particles of carbon suspended in them, pass 
through the flues without ignition, and thenre through the chimney as black smoke. 
When this happen.*;, not only is a large and valuable part of the ftiel wasted, but the air 
is inconveniently pollut'd. The object of smoke-consuming apparatus is to pre%'eiit 
this evil; and the general principle on which all such apparatus is constructed, is either 
to manage the production of these gases in such a continuous regular manner as tliat 
sufficient air may he supplied for their combustion when they arc sufficiently heated to 
ignite—^ to supply heated air in some part of the flues, so as to turn into flame there 
the gases that would otherwise escape unconsumed. 

The chimney of a steam-boiler diould be of anfficient area and height to produce a 
good draught or quick current of the heated products of combustion. 'When the 
draught is insufficient, the fresh air supplied to the Arc is too small in volume, the com¬ 
bustion is retarded, and the flues are filled with smoke instead of flame. A chimney of 
30 or 40 feet in height, and having an area of 1 square foot for 10 horse-power, generally 
gives a sufficient draught. Where height eannot he obtained, as in locomotive engines, 
the waste steam ia made to rush np the chimney with oonsidorable force, and thus to 
oreate an artificial draught. The diimney or flue loading to it is provided with a 
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damper or slide, bf vbioh the area of passage maj be dinunishcd, and the druight 
reduced at pleasure. At oonvoiient pla^ in the flues, soot-doors are fixed for giving 
access to dean them from soot or ashes deposited there. 

As all water supplied to boilers is more or less impure, or contains ingredients ^at 
become deposited w'liilo the water itself is driven off in the form of Vjspour, it is essen¬ 
tial tor provide for the frequent cleansing of boilers. In marine boilers, particularly 
where sea-water is necessarily employed, the deposit of saline ingredients, none of 
which arc volatile, or pass off with the steam, is very largo, and of a very troublesome 
character. It gunerully settles in the form of a bard, stony crust upon the interior sur¬ 
face of the boiler; and as Uiis crust is a vety bad conductor of heat, not only is there a 
waste of fuel where it exists, owing to its arresting the passage of the heat from the 
flues to the water, hut there is a positive danger from the circumstance that the interior 
surfaces of the flues arc thus over-heated, and the iron of which they arc made becomes 
rapidly ozydised, sealing off in flakes, losing thu;kn(>ss and strength, and becoming j 
liable to disruption from the pressure withiu exceeding the strength left to sustain it. i 
.\s salt-water docs nut deposit rapidly until it becomes super-saturated with salt, it is ! 
usual to permit frequently the escape of a eonsiderahle quantity of the excessively salt 
water in the boiler, and to replace it with new water from the sea, less salt and less 
liable to deposit- For effecting this object, and als«> for empt 3 'ing the Iwilcr when re¬ 
quired, a ])ipe and cock, (‘ailed teelinieally the blovc-off^ is fitted to the lower part of the 
boiler. This eock should be frequently opened, especially where the water is verj' 
dirty or of ii saline ehar.ietcr, and tlic worst part of tlie contents of tlic boiler, which, 
being Leavnst, lie near the bottom, thus blown out. In order to save the loss of heat | 
occasioned by fre(jueutly blowing off the hot impure water from marine Iwilcrs, and j 
rejdiieing it b}' cold, but punsr water, an apparatus i.alled the chanye-iraUr apparatus is | 
sonietime'.s exupluy(‘d. It consists of a casing, with numerous small tubes arranged in it 
as ill a tubular boiler. A portion of the eoutents of the boiler being always permitted 
to flow through the easing and thence into the sea, a corresponding quantity of purer 
water is made to pass through the tubes to the boiler; and the latter thus is made to 
ahsoi b in its passage through the tubes a considerable portion of the heat given out by 
tb(‘ ibmuT in its passage roimd them. 

Mud-holes are small holes provided in the lower parts of boilers, and fitted witli tight 
covers, which may be removed, when the boiler is not in use, for the admission of a rake 
to draw out tho mud deposited from the water. 

The mail-hole is an opening sufliciently large to admit a man, provided in the upper 
part of a boiler, and fitted willi a tight cover, which may be removed, when the boiler is 
not in U.SO, ior tho admission of a man for cleaning or repairs. 

Ill boilers having eonsidi'rahle flue surface, but not great height of steam-room 
'’hove tho water-level, there is always a danger of priming—^that is to say, the water in 
a rapid state of ebullition is often made to boil over, -or blown in considerable quantities 
into the stcam-pipcs, and tlieuee into the engine, where it is not only useless, but highly 
detrimental to tho action of tho machinery. It is usual, therefore, to provide a boiler 
with a steam-chest or dome in its highest part, to give greater space for steam and 
greator height for the mouth of the steam-pipe above the surface of the boiling-water. 

In general, there should not be less than six inches of water above the flues, nor less 
than tlirec feet of steam room above tho water. In marine-boilers, where the water is 
surged about by the rolling of tho vessel, there should be at least doable the height named 
for water and steam. Should the level of the water be so low that the surface of a flue 
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it no longer ooT 0 red by it, the flue u liable to becraie oviar-hoated, •omotimes to redncm; 
the iron is softened and weakened hj the excessive heat, and rapidly deteriorated by 
oxydation and scaling off. But this is not the only danger of an over-heated flue; for 
on the water again covering it, the enormous volume of stoom suddenly generated pro¬ 
duces an excess of pressure, and causes an explosion of the boiler. Wo believe almost 
every case of explosion can bo traced to some cirvumstonr^ connected with a defleient 
suj^ly of water; and theroibre too much canUon cannot be used in watching the con¬ 
dition of the water-level, and providing the proper supply or ft^cd. 

In order to ascertain the water-level within the boiler, several kinds of apparatus are em¬ 
ployed. TUc* Jloat A (Fig. 158) consists of a stone-suspended by a wire passing through the 
top of the boiler, and connected, by a chain passing over a pulley, with a counter-halam o 
weight, sufficient to balance so much of the weight of the float-stone tliat it shall alw’ays 



Fig. 15S. 

lie at the surface of the water. Should the wotcr-luvel vary, the position of the float- 
stone, which rises or falls with it, is marked by an index on the pulley. 

Gauge-eoek* B C are two stop-cocks fitted into the face of a boiler, oncalKiveand the 
other IjcIow the proper water-level. When these cocks are opened, steam should blon- 
through the upper, and water through the lower one. The objection to gauge-cocks 
consists in the circumstance that, in order by them to ascertain the level, tnu attendant 
must open them. 

The gUuu gauge consists of two stop-cocks, D and F, fitted in the face of a boiler, 
one above and the other below the water-line. These cocks are connected by a glass 
tube JS, in which the level of the water is distinctly seen. A stop-cock G is provided 
at the lower end of the glass tube; and this being occasionally opened, the sediment that 
may ooUcct in the tube or passages of the cocks is blown out by the pressure within the 
boiler. Should the glass tube burst, the stopcocks D and F can be closed until a new 
tube is fitted, or they can be employed as gauge-cocks. 

Occasionally the float is connected with a whistle in such a manner that when the 
level of the water becomes too low, it opens a small stop-csock, which permits steam to 
blow through the whistle, and thus give audible warning of the danger. 
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In many boilers an ingenious precaution is taken against the dangerous consequences 
of insufficiency of watcar, by the use of fusible metal plugs. A hole is made in the 
highest part of the fire-box or flue, which is filled up with a plug or rivet of metal 
fusible at a temperature not greatly exceeding that of boiling-water. So long as this 
plug is covered with water, its temperaturo cannot attain the melting point; but should 
it be left bare, the heat of the fire playing upon it causes it to melt out, and thus to 
leave a hole, through which the steam escapes into the flue. Not only does the rush of 
the escaping steam give warning of the circumstance, but it also relieves the steam- 
pressure within the boiler, and prevents the explosion which might otherwise result 
from the over-heating of the flue. 

In low-pressure boilers, the float occasionally is mode to act os a self-feeding appa¬ 
ratus. A (Fig. 150) is a cistern constantly supplied with water, and fitted at bott^ 
with a valve ojxtning downiwards into a pipe 
passing down to nearly the bottom of the 
boiler; the float B is connected by a w'iro and 
lever with the valve, so that when the water- 
level is too low the descent of the float causes 
tiic valve to open, and thus permits the passage 
of water from the cistern into the boiler. This 
arrangement can only be adopted when the 
pressure of the steam within the boiler docs not 
exceed that of the column of water in the feed¬ 
pipe. For high-pressure boilers, the height of 
cistern and feed-pipe would be inconveniently 
great to overcome the pressure; accoruingly, for 
high-pressuro boilers and for marine boilers, 
the supply of water is effected by means of a 
force-pump, called the feed-pump, worked by 
tike engine, and regtdated by suitable cocks or 
valves. 

The quantity of water required for a boiler 
may bo generally taken at 1 cubic foot per horse¬ 
power nor hour; or, as 1 cubic foot contains 
about ^ gallons, and weighs about 63 lbs., wo 
may take 1 lb. of water per minute, or 1 gallon 
every 10 minutes, as the necessary supply for 
each horse-power. The actual quantity of water *'iB- 

required for generating steam to work an engine of 1 horse-power depends much upon 
the construction of the engine, the extent to which the steam is used expansively, the 
amount of powor derived from condensation, or the amount of resistance to the egress 
of waste steam, if not condensed; but the above estimate ia tolerably coireot for non- 
oondenaing onginea worked without much expansion, and is in excess for condensing 
engines, and such engines as those in which the expansive force of the steam is taken 
advantage of, so as to produce great effect with small expenditure of steam. 

It has been found by experiment, that 1 lb. of ordinary fuel—coal or ooke—is 
capable of turning from 8 to 10 lbs. of water into steam, according to the capabilities of 
the boiler. Taking the lower estimate, we should reckon that as 63 lbs. of water are 
required per horse-power per hour, about 8 lbs. of fuel per horse-power per hour xrould 





382 


THE SiFETT-TALITE. 


be canwima^. la ecmdeaimg engines, working expwunTdy and under the most adran- 
tageoua anenmataaoea, the consumption of Ihel has been reduced so low as from 2^ lbs. 
to 3 lbs. per horse-power per hour. In non-oondensing en^nes, when the steam is 
iiaed to a considerable extent expansively, from Albs, to 7 lbs. of ftiel per horse-power 
per hour is nearly the average consumption. 

It may be readily conceirad, that when water contained in a vessel or boiler of 
linuted strength is subjected to heat in such a manner as to turn part of it into steam, 
exerting unlimited preasurc, there would bo constant risk of explosion, unless some 
measures wore taken for limiting tbe force of the steam, and preventing its pressure 
from exceeding that which tiie btnler could aafely sustain. Every boiler is, therefuru, 
fitted with one or more safe^-valves, which constitute the moat important of the boiler 
fittings. 

The principle of tbe safety-valve is exceedingly simple. As fluids, and there¬ 
fore steam, press equally in all directions, any part of the boiler-casing, such as I square 
inch, is subjected to the pressure of the steam. If, then, wc make a hole in the upper 
]v.ut of a biller 1 square inch in area, and cover it with a lid, laying on this lid a weight 
such as 60 lbs., we can apply heat and generate steam, which, as soon as its proMure 
exceeds 60 lbs. per aquare inch, will lift the loaded lid, and permit a portion to escape 
Should the generating power of iho boiler be moderate, the raising of the lid, and 
t‘8cape of a portion of steam, would prevent the pressure from ever exceeding that duo 
to the weight on the lid; but should the steam be generated more rapidly than it can 
t'seape throng the hole, tho pressure must go on accumulating, until the strain to 
which it subjects the boiler exceeds the strength of the material of which it is made, 
and an explosive rupture is tho consequence. It is, therefore, important to provide a 
safety-valve, with an <q>miing of sufficient sise to permit tho escape of steam as rapidly 
as it can ever be generated, and to load it with a weight not greater than the pressure 
which ^e boiler can safely bear. Boilers arc generally tested before use, under a 
pressure very much greater than that with which they are to be used. For condensing 
engines, the |»essare seldom exceeds 20 lbs. per aquare inch; for ordinary non-con- 
i lonring engines, 50 lbs. or 60 lbs. per square inch; and for locomotive*, it is as high as 
120 lbs. and 150 lbs. per square inch above that of the atmosphere. The area of the 
aafety-valve diould not bo leas than ^th square inch per horse-power 

Fig. 160 represents a safety-valve of the ordinary construction. A is a ^x fixed 
over a hole B in the upper surface qf the boiler, having a truly-faced seating mi which 
tbe valve C can rest. The stem of the valve passes throu^ the enveo* of the box, 
where there is a gland or stuffing-lwx to prevent the escape of steam round the stem. 
A pipe D conducts the steam that passes the valve, when it is lifted, to the chimney or 
elsewhere. Tho valve is kept down by a lever £, Vhich works on a pin, or fulcrum, at 
F, and has a sliding weight suspended from it at any point such as G. The arm of the 
lever is graduated so that the weight can be placed to give such pressure on the valve as 
may be required. If we suppose, for example, that the area of tho valve-opening is 
1 square indi, that the length from tho centre of the valve-stem to that of the pin F 
is 2 inches, and that a weight of 10 lbs. hangs at O, 16 inches from F; then the effect 
of tiffi weight to press down the stem of tho valve is as its wdght multiplied by the 
length of lever at which it acta, divided by the length of lever at which the valve 

A.th. 

area of the valve is 1 square inch, tihis weight it capable of renating a steam-pressuTu of 
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80 lbs. per aquare iach within the boiler. If the lorer bo graduated by diriaioiui each 
2 inches in length, each of these will oorreipond to a pressure of 10 lbs. on the valve; 
that is to say, the weight at— 

16 inches gives a pressure of 80 lbs. 

II II II 70 „ 

12 „ „ „ 60 „ andsooBU 

We have not reckoned the effect of the weight of the valve and lever, which should 
generally be weighed, so that the pressure due to them, exclusive of the weight, may be 



estimated before graduating the lever. As a practical' example, we will suppose that it 
is required to make a safety-valve of 4 inches diameter, and load it by a weight and 
lever graduated to stcam-preasurcs varying from 20 lbs. to 60 lbs. per square inah above 
ntuiosphciic pressure. We will suppose that the weight of the valve and stem is 6 lbs., 
that a convenient leverage for the valve is 3 inches, and that the whole lever from F 
to the end is 30 inches, the lever itself being of uniform depth and thickness, and 


weighing 9 lbs. 

The area of the valve (a circle 4 inohes in diameter) is 12} square inches; the effect 
of the weight of the lever is the same aa if it were collected at its middle point H, 16 
inches from F, and its 


Pressure on the valve is therefore 


9 lbs. X 16 inche s 
3 inches. 


4«5 Iba. 


To whidi wc add the wei^t of valve and stem 


5 




Making a total constant weight on the valve ..60 , 

50 

And as the area of the valve is 12|lbs., this gives a constant pressure of =; 4lbs. per 
square inch. For a pressure of 60 lbs. per square inch, or a load of 60 X 12^=6251118. 


on the valve, the additional load must be 676 lbs. ata leverage of 30 inehea against that 
of the valve at 3 inehea; and therefore a weight of 67| lbs. at the end of the lever gives 


the required pressure; because 


67i lbs. X 30 
3 


= 676 lbs. on the valve. 


The same weighty 


to give a pressure of 40 lbs. per square inch, shoidd aet <m the valve with a force of 
12^ X 40 —• 60=460 lbs.; and its distance fr<^ F must be about 23‘48 inches, because 
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33'48 indies 


= 460. Now the dillereaoe between 80 the lovenge for 


50lb&f end 28*48 inches, the lercnge for 40nM., is 6*62 inchee—a diTiuon that may 
be repeated along the lever for 30 and 20 respectively. 

Ve might attain the same result by another proocss, thuB:-~Sinco the constant 
pressure due to the weight and value is 4 lbs. per square inch, the pressure 

to be derived firom the weight of 57| lbs., to malce a total of 10 lbs. per square inch, 
would be 6 lbs. per square inch, or 6 x 12j = 75 lbs. in all. The leverage of tho 
weight to produce this load would be found from the simple proportion:_ 


Weight. Load cm valve. Leverage of valve. Leverage of weight. 
67|lbs. 76 3 inches 3*913 inches. 


Bepcating tho same process for 60 Ihs. pressure per square inch, we should find the 
leverage of the weight to be 30 inches. The difference of 30 inches and 3*913 inches, 
vi7. ‘26*087 inches, being divided into 40 equal parts, each 0*66*2 inches—because 40 is 
the difference between ^ lbs. and 10 lbs.—would mark the lever for each lb. of pies* 
sure. Every lOlbs. 


would tiros be 
graduated by in¬ 
tervals of 10 X 
*662=:6’62 inches 
as before. 

In locomotives 
and boilers where 
a weight sliding 
along a lever 
would be inoonve- 
nient, ijfio lever is 
affixed to a spring- 
balance A (Fig. 
161), gradoat^ to 
the pressures per 
square inch due 
to the ^ring. By 
turning a nut B on 
the stem of tire 
spring - balance, 
any required pres¬ 
sure can be thrown 
upon the valve, 
which is kept 
down by the 
spring acting on 



Fig. IGl. 


its lever. Should 


tite pressure within tire boiler exceed that to which the balance is adjusted, the valvo 
is <q>ened, snd a portion of the steam escapes. Tho lock-up safety-valve consists of a 
vdve pressed down by a set of strong springs C, the whole enclosed within a box under 
lock key. While the engine'driver has command over the qizing-balanoe valve, so 
as to inoreBae or diwiinUli the load at pleasure, the lock-up valve is inscne s sib le to him, 
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■ad i^pena whenever he has loaded the open valve bejoad the preamie to which the 
look-up valve has been adjusted; thus serving aa a idiei^upon him in ease of his w<nh- 
ing at a dangerous pressure. 

In a boiler for an enfpne working at very low pressures, there is fipequenily provided 
a vaouiun valve, which is a sa&fy-valve opening inwards, and admitting air into the 
boiler, in caaethe pressure within diould Ikll so fiir below thaVif ^ atmosphere with¬ 
out that there might bo danger of ooUapse. 

The steam-gauge is an aj^Mratus generally fitted tohoileia fer indicating tiie presaure 
of the stoam. The safety-valve may be em^oyed for thia purpose; fer if the weight be 
adjusted ou the lever, or the ^ning of the balance released An valve begins to 
open and let steam escape, we know that the weight or q^ting in that nnndifinn ig a 
moasuTO of the pressure. But as this mode of wnwnnirlng thin pinmanrfi re^uiros personal 
attendance, it is bettor to be provided 
with some self-acting instrument which 
shall show at a glance the condition of 
tho stoam in respect to pressure; for 
low-pressure boilers the mercurial steam- 
gauge is generally employed (Fi^. 162). 

It consists of an iron pipe bent to a 
siphon form, connected M'ith the boiler, 
and containing mercury, on wbicb floats a 
rod of wood extending above the mouth 
of the tube, and pointing to divisions on 
a scale. As 2 cubic inches of mercury 
weigh very nearly 1 lb., the rise of the 
wooden index through I inch in height 
indicates that tho mercury in one limb 
of the siphon has risen 1 inch and fallen 
1 inch in the other, making a difference 
of level of 2 inches, equivalent to a pres¬ 
sure of 1 lb. per square inch in tho boUer. 

Thus every inch ou the scale corripponds to 1 lb. pressure per square inch. For 
high-pressure boilers, tbo column of mercruy necessary would be inconveniently high, 
and recourse is therefore had to gauges of other kinds. Among the most efii^ve and 
ingenious of those may bo mentiemed that of Bourdon. It consists of a flattened 
clastic tube of copper or brass, bent into a spiral form. The pressure within the tube 
tends to bulge it, and uncoil it a little out of the spiral form; and the slight movement 
thus induced is communicated to an index, which points on a dial-plate to the pressure 
marked thereon from the result of expeEimonts made for the purpose of determining the 
proper graduation of the dial. 

Tho steam generated in the boiler at such pressure, and in such quantity as may be 
dcrired, is conveyed by the steam-pipe to the cylinder, which is a vessel (doeed at both 
ends, and fitted with a piston E (Fig. 163), capable of sliding tightly from end to end, 
and having a rod F pasting tightly through one of the end cavex% or the igirljnder lid. 
If we suppose A and B two^pm oommunioating with the boiler, and opening into the 
cylinder at opposfte ends, while two oth^ pip^ ^ ^ from the ends of the 

qrlinder to the open air, or to any auitahle place; omoeiviiig theae pqpM to be provided 
with stopcodka, we can see that by opening A and D, while B and C are dbaed, we admit 

2 c 
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ateMUjto jfeMi iip<m the upper eoiface ot the pwton E, end fbrco it to the bottom of the 

eyliiider, while the oontenta of the peit below the 
pieton escape by D. On the piston reediing the 
bottom, if we open B anil C while A. and D are 
dosed, the preaeure acting on the lower aide of 
a • A the piston forces it upwards. While the steam 

(D abore escapes. Thus, by alternately opening 

I * and dosing the four stopcodEs in proper order, 

I on alternate motion is given to the piston, 

I and the force ia communicated by the' rod to 

* any suitable machinery without tho cylinder. 

The amount of foroe ao communicated depends 
on tho sise of the piston, or number of squanr 
inehes in its surface on which the stcam-pres- 
siuu acts, tho intennty of that pressure, and 
the velocity at which the piston is caused to 
travel. If^e suppose, for instance, that 
the diameter of the cylinder is 1 foot, the 
circular area of which is 113 aqiiarc inches, that the pressure of the steam is 20 lbs. per 
square inch, and that the average speed of the piston is at the rate of 200 feet per 
minute, the power communicated through the rod is equivalent to 

113 sq. ins. X 20 lbs. X ft* 



33000 


=r IS'7 horsc*>power. 


Sfime of the first stoam-enginea had cocka arranged as wc have described, whieh 
demanded the continual atteifdanoeof some one to close or open them at tlic proper timrs. 
But it suggested itself that apparatus connected to the moving parts of the engine might 
be so adjusted aa to perform this operation; and accordingly great ingenuity has been 
exhibited in contrivances for alternating tiio flow of steam to and from tho npprisitc 
ends of the cylinder. Instead of stopcocks in the pipes, which arc subject to consider¬ 
able and unequal wear from constant working, and thereby become leaky, valves an; 
often employed, similar to the safety-valve, andworlted upwaj^ and downwards by means 
of levers acting on their stems, which project bcy<md the steam-tight easing in which 
they are enclosed. Were these valves made in audi a way that the steam pressed on 
their lower aur&ces, and tended to raise them from their scats, it would be difficult to 
keep them tightly down without very conudenble force. If, on tho other hand, the 
preasure of the steam acted on their upper autfkoea so aa to keep them tightly down, 
considerable force would be required to lift them so as to permit tho atesm to pass at 
the proper times. Moreover, as in large enpnes these valves must be of considerablo 
size to let suflicient steam pass through the openings they cover, and as few effective 
working they must bo raised and lowered very rapidly, it becomes important to reduce 
as low aa possible tho pressure upon them, and thus diminish the force necessary for 
their movoownt. 

The double-beat valve is a contrivance far covering a large area of steam-passage 
with a valve aubjected to moderate preosaro. The ateam entering at A (Fig. 164), fllla 
the valve-box, in which aa annular or ring-ahaped ivl^ B is capable of being pressed 
upwards or downwards by a rod G pairing through tbe cover of tbo valve-box. When the 
valve is down, its upper aid lower conical tnr&cca rest on corresponding amts, to which 
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they arc nicely ground; while the valve being xaiaed, the steam flows between these sur¬ 
faces into the pipe D. The force necessary to raise such a valve, is tliat of the steam-pres- 
suro on the ex- 
cessof the areaof 
tholowerseating 
above that of 
the upper, and 
may bo made 
much loss than 
that on an ordi¬ 
nary valvo of 
equivalent size. 

We shall sup¬ 
pose, fur exam¬ 
ple, that a valve 
of 10 inches dia¬ 
meter is Bi^bjcqt~ 
cd to a pressure 
of 20 lbs. on 
the square inch. 

The force to lift 

it would be I***- 



(circ. area of 10 ins. diam. =) 78^ sq. ins. X 20 = 1570 lbs.; 
and the height through which it must be lifted to give the full passage for steam roxind 
it, is 24 inches; for 2 J X (circumf. of 10 ins. diam. =) 31| = 78^ sq. ins., the area of 
a circle’lO ins. in diameter. But were we to use a douhl#beat %'alvc, having its lower 
seating 10| ins. in diameter, and its upper 9 ins. in diameter, the area of the one being 
t)6^sq. ins. and that of the other 63J, the pressure on the difference, 23 sq. ins., is 23 X 
20 = 460 lbs., little more than ono-fourth of that on the single-seated valve. Again, the 
height through which the double-beat valve must bo raised is only half that required 
for the single valve; because when it is raised, passage is provided for the steam both 
above and below. Thus, to work the double-beat valve, only f th or ^th part of the force 
requisite for the single-seated valvo is required. Wherever volvca are used, especially 
in large engines, or under great prcsaurcs, for altmnating the flow of steam, recourse is 
had to the double-beat valve, at some expedient of a similar character, by which con¬ 
siderable of passage may bo secured without having to lift a great weight, or 
move it through a great distance. 

The frequent raising and lowering of any set of valves, however well balanced, 
would, however, in quickly-moving engines, be accompanied with nmae, and would 
prove very inconvenient, on account of the complication of machinery required for the 
purpose, and the greater amount of wear and tear resulting from its use. To avoid 
these evils, the slide has been contrived; and it is almost universally employed for 
alternating the flow of ateam to or from the ends of the cylinder, except in engines 
moving very slowly. There are various kinds of slides in use, but they are nearly all 
contrived on principles, with such differences in the details of construction as the 

peculiar views of makers, or tho oircumstonces of their position, suggest. The most 
simple kind is called tiio B-slide, from tho circumstance of ite form resembling that of 
the letter D. 
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F%i. IM tad 166 r^itoMBt two langitadiiMl MotkMU of a oylindar fitted with a 

B-sUda. The ataam eaten by a fdpe B 
from the boiler into a cavity oalled the 
on the oppoaito aide of which 
are three openinga, the iq^ier and lower, 
coiled the jMrt^eommunioating by tabes 
m paaaagea with the upper and tewm- 
aida of the cylinder rfiapei^vely; and 
the mid^ one conuannioatin^ by a ca> 
vity B w^ an opening at the ride, by 
which steam can escape. These three 
openings are paitially covered by a hol> 
lowed plate of metal, the which, 

as Us name implica, can bo made to riidc 
up or down by means of a rod C passing 
tightly through tho jacket. The hol- 
lowed^MUf of jhe l)>slide if made to em- 
hracMhe middle passage and eitho’ of the 
ports, so as to let steam escape from the 
cylinder, while it leaves the other port 
open for the ingress of steam to the cylin* 
dcr; and as fur every ascent and dc* 
aocut of the piston in the cylinder, a cor¬ 
responding ascent and descent of the 
slide is eflfected by means of apparatus connected with the moving parts of tho engine, 
the complete succesrivo alfibnation 
of the steam is maintained without 
the expenditure of more power than 
is necesaoiy to overcome the friction 
of the slide over the facing* in which 
the porta are ritnated. The face of 
the slide, and the surface on which 
it mbe, are made very true and 
smooth in the first place; and when 
they are not subjected to undue wear 
by the ingeeaa of dirt or grit, their 
contact remains steam-tight for a 
long period. The slide we have 
described is criled the dunt D-dide^ 
and is generally used in locomotivoa 
and engines whidi have not long 
cylinders. But when the cylinder is 
of conrideiable length, the passages 
from the ports to the ends of the cy¬ 
linder are also long; snd having to he 
filled wifh steam at every stroke or 
sltemationcrflhe piston, which is in- 
sffootive in prodneing power, oonriderablo loss is occarioned from this waste of steam in 
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merel 7 filling the peesagee. To olmate tliiedefeet^ the dide ia aome t imee lengthened, 
80 tiiat the paaaagoa fiom the porta to the ojrlinder an proportionally shortened. It 
is found oonn* 
nient for the 
construction to 
make this kind 
of slide of a 
hollow cylin¬ 
drical form, fit¬ 
ting into a oy- 
liudrical jacket 
at each end, and 
being smaller 
in diameter at 
tlie middle. 

The steam en¬ 
tering at B 
(Fig. 167) fills 
the cavity sur¬ 
rounding tho 
slide, and gets 
neccss to tho 
upper or lower 
portas the slide 
is moved up- 
M'ords or down¬ 
wards, while 1®^* 

the steam passes firam cither of these ports into the cavities at the upper or lower ends 
which communicate through the tubular body of the slide, and from one of which tho 
waste-pipe C conveys the steam which has done its work. 

Wu might mention many other varieties of slides; but all being constructed on 
similar principles to those wo have described, we need not dik:U8s them in detail. We 
will now proceed to describe the practical construction of a cylinder, piston, and slide, 
such as would be suitable for a non-condens^g engine. 

Referring to Figs. IBS and 166, which give a general view of the cylinder and slide, 
we have to inquire into the proportions of tiio parts and the details of their construction 
in such a manner as to be economical, durable, and efficient. 

The cylinder ia made of caat-iron, bored in a suitable lathe so that the iutcrior ia as 
nearly as possible perfectly cylindrical. The covers are also of cast-iron, having a pro¬ 
jecting part turned to fit into the ends of the cylinder, to which they are secimed by 
bolts and nuts. The mouths of the cylinder are gcnqfally bored somewhat larger than 
the rest, so that if after some years* wear it become necessary to bore out the cylinder 
afresh, thereby nuaVing its diameter a little larger, the sa^e covers may still fit it. The 
flanges or projecting rims of tho cylinder and the faces of the covers which lio against 
them are turned very true; and if well smoothed require only a little thin flour>pa8te to 
bo spread over them to render the joints impervious to steam when the holts are screwed 
tightly up. Tho length of the cylinder is determined by the length of stroke or move¬ 
ment of the piston: .it should be such as to allow fron ^th to | an inch clearance 
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between the jnetan and the cover at each end of the stroke. TheocetIcaUy, the kas 
clcaraaee the better, because any spooe left between the piston and ooror at the end of 
the stroke has t<> bo iUK-d at every stroke with steam nselcssly. But, practieaUy, it 



may be difficult to dc> 
tennine the length of 
stroke with perfoet ac¬ 
curacy ; thewearof the 
machinery may alter 
it a little, and water 
or dirt may get into 
the cylinder, so that it 
is necessary to allow 
a litUu space, such os 
we have named, fur 
cloonince. When the 
steam first enters a 
cold cylinder it lie- 
comes condensed into 
water; and not unfre- 
quontly during the 
M'orking of the en¬ 
gine, tlie boiler primes 
or boils over, sending 
wat<'r along wtUi the 


steam into the cylinder. But ns water is practically incompressible, its preacnee 
between the piston and the t^indcr-covera at each end of the stroke would be quite as 
detrimental as the presence of a mass of iron or any hard material, unless an < xit wen- 
provided for it; for the sudden approach of the piston would be arrested by the water, 
and cither the cover wouhl Ix' forced off or the parts connecting the piston to the rest ol 
the machinery would give way. Accordingly, eylindera are often fitted with reliel- 
Yolves—small safety-valves loaded by weight-s or springs, and communicating with each 
end of the cylinder, so that whenever, by the presence of water, the pressure beconn s 
increased to a dangerous extent, the valve is opened, and permits the water to escape. 
In the absence of relief-valves, pei-eoek* or small atopcocks arc fitted for the same pur¬ 
pose. On first admiMing steam to the cylinder, these arc left open to permit the csi’ape 
of the water arising from condensation; and during the working of the engine they ma\ 
generally be loft a little open, especially when the presence of water is mauifesU-d by n 
sharp blow, heard when the piston strikes upon it. The thickness of the cylinder 
depends on its diameter, and the pressure to which it is subjected; and the strength of 
the flanges, covers, and bolts and nuts mu.st he determined on tho some ground. Foi 
such details it is difficult to give precUe rules, as experience an^ study of well-pro¬ 
portioned works can alone give lie power of determining them. , «. • 

The piston is constructed in various ways, one of which, being simple and effective, 
we will describeTho l>o<iy*f the piston conrists of a disc and boss A, the outer edge 
of the disc fitting tho cylinder, and the boss having a central conical hole, m which the 
piston-rod B is secured by means of a key, or thin bar of iron slightly tapered m width, 
driven through a slot in tho boss and rod, so os to tighten tho conical end o e m 
the corresponding conical hole. To tho body of the piston is secured by acrewa a cover 
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C fitting the oflinder, and leaving betvreen it and the edge of the disc below a groove^ 
whieh contains the pacldng»nng D. This ring is made to fit tho cylinder, and is out 
obliquely across at some point of its cir- 
enmference *£, a parallclogram-ahap^ 
hole being cut out of the middle, am 
filled with a piece of metal truly fitted 
to it. By thus cutting the ring across 
at £, it is permitted to expand in dia¬ 
meter; and the slits made at £ are 
covered by a plate F inside tho ring, so 
that no steam enn pass by them from 
one side of the piston to the other. 

Several bent pieces of steel-plate G are 
placed between the ring and tho boss of 
the piston, so as to push the circumference 
of the ring outwards. 

As the inside of the cylinder and tho 
edges of the piston and its cover become 
worn by constant rubbing, the packing¬ 
ring is made to expand, and still to 
work tightly in the cylinder, without 
permitting the flow of steam past the 
piston. Sometimes, for small pistons, 
the packing-ring is merely made thicker 
at the side opposite its slit; and being 
at first slightly larger than tho cylinder, • 

so that it must bo compressed ^'hen ptuhed into it, its own elasticity makes it expand 

to fit the cylinder even after consider¬ 
able wear, without the necessity for steel 
springs within it (Fig. 170). 

The piston-ro^ in passing through 
tho cylinder cover, is surrounded by a 
cavity called a stuffing-box, and filled 
with soft twisted hemp and tallow, called 
packing^ whicdi is compressed in the 
cavity by moans of a gland^ forced do\m 
upon it by tightening screws. By the 
use of this packing, while the rod travels 
upwards and downwards, steam cannot 
pass round it; for oven if tho rod be 
worn somewhat irregularly^ the elasticity 
of the packing serves to prevent the 
leakage of steam. 

The slide-rod, and, indeed, all rods 
Fig. 170, about an engine for moving valvetf or 

parts within cavities containing steam or water, have to pass through packing of this 
kind. 

For opening or closing riie communication between the boiler and the cylinder, so 
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m ii ailBit ifmin fton the one to the otJior, to ffinrinMi tlie quality <Mr ealirdj aneit 
ityaetopcMk i> generally emplo3red tat wnall enginea, tad fbr lai^ mm a 

valve. The atopeock, being 
aafieiently wdMcnown, 
weneednetdeaeribe. The 
m ii 

generally made as indi¬ 
cated in Fig. 171. The 
steam-pipe A communi¬ 
cates wi^ the valre-boz, 
haring a pipe B proceed¬ 
ing from it The month 
of this pipe is fitted with a 
conical edging or seating, 
to which a conical-edged 
valve C is nicely fitted. 
Through a 8tuffing-l>ox D 
in the cover of the valve- 
bos passes a screwed rod, 
connected hy a free joint 
to the valve C; when the 
rod is turned round by a 
handle E, so os to screw it inwards through the gland P, the Valve is pressed firmly 
down on its seating, and thus all communication from A to B is cut off. By un¬ 
screwing the rod, the valvo is raised from its seating as much as may be required for 
the passage of steam. • 

The throttle-valve is for the purpose of choking or 4hrottling the passage of steam 
in a pipe, so as to regulate the qiumtity passing through it in a certain time, without 
perfectly arresting it. It con¬ 
sists of a disc A (Fig. 172) 
mounted on a rod passing 
across the pipe through a 
staffing-box at one side. On 
turning the disc edgeways 
towards the current, the steam 
is allowed to pass; but when 
it is turned across the pipe, 
none can paaa except such 
a small quantity as can leak 
round the edges of the disc. 

This valve is almost univer¬ 
sally ap pl ied to engines which are fitted with a governor; and by its means the spood 
of the eeg iee is legulaied with great nicety, aa more or less steam is permitted to pass 
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tae valve. 

* The fSBod-pump of an engine is for the purpose of supplying the boiler with water to 
telta the place of that which ia boiled off, and passes away in tho form of steam after 
waridng the engine. It consists of a barrel 0 (Fig. 173} through a stuffing-box, in 
the upjpet part of which a plunge* G is worked altenately upwards and downwards. 
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At the hnrar end of the bezrel ie a TilTe>boaC| eonteinfay a rortioa-TelTe B, oorering a 
pipe A hy which the water ia drawn from a oonTeiiieiit weervoir, and a diKharge-valTa 
D, poet whidi the water has to flow in 
its pm|poM to the boiler by the feede 
pipe £. When the plunger is laiaed, 
the ralTe D being kept down in its seat 
by the preasDxe of water in the boiler 
(equivalent to that of the ateam) com- 
municated through the feed-pipe E, the 
vacuum left by the rise of the plunger 
ia filled by water entering from A and 
raising the valve B for its passage. On 
the descent of the plunger, the water 
being forced out of the barrel, presses 
down the valve fi, but raises the valve D, 
and flows onwards to the boilm:. At 
some convenient part of the feed-pipe £ 
there is always fitted a stopcock, or 
shut-off valve, for completely cutting off 
communication between the pump and 
the boiler in case of the valves being de¬ 
ranged. But water bring almost totally 
incompressible, it would be extremely 
hazardous to close this communication 
while the pump is in action; for in that 
case the barrel must be burst open, or 
some xwrt of the machinery that works 
the pump must bo broken. It is, there* 
fure, usual to provide also a relief-valve, 
feed-pipe, to permit the cfiiux of the water when its ordinary passage is closed. The 
cover F of the feed-valve box should be'capable of being readily removed to give access 
to the valves; and it is often made of oonsidmuble size, hollowed out to contain air, 
M'hich is compressed by the influx of water during the descent of the plunger, and reacts 
to force the water onwards to the boiler while the plunger ascends. In all cases, in¬ 
deed, where water under considerable pressure is exposed to the recurring action of a 
propelling force, as in the feed-pump, an aii^vessd. should be provided to act as a 
spring relieving the blow on the water, and regulating its motion to a gradual flow 
instead of a sudden movement. 

Having now desmibed the cylinder in which, and the jpston on which, the steam acts 
to put the machinery in motion—^the tilidt by which the alternation of the course of the 
steam is effected—the throttU-^ve by which its quantity is regulated-—and feed-pump 
by which the necessary supply of water ia maintained in the boiler: we have to inquire 
how the redproeating motion of the piston is converted into the rotary movement 
required for driving machinery, and how this rotary movement produees tho recipro¬ 
cating motion of the slide and feed-pump, and governs the action of the throttle-valve. 

To the end A (Fig. 174) of the piston-rod th{nre is jointed the oonnecting-rod A B, hav¬ 
ing an eye at B working on the trmk-pin^ or pin fixed to the eranh —an aim B C pro¬ 
jecting from the main ahoft or spindle G. The crank-]dn can move round in a circle, 



Fig. 173. 

constructed exactly like a safety-valve on the 
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tha Alam o tCT of which is eaumtly oqual to th»laigtlLof •trolcet or distuco through which 
the pieton trevde in the cjlinder. iU the piston deeoende firam F to the 

down>stroko, the crank ia caused to revolve &om £ round 
g to Df one half-rovolution. Agaiot while the piato|yMoendti 

Axm O to F, making the upatruko, the crank revo^n from 
D round to E, another half-revolution. Each revolution, 
then, of the crank requirpa a double atrokc of the piston; 
and to effect it, the upper and lower poitioaa of the cylinder 
have each to be fiUpd and emptied of steam; or as their 
capacities are equal, the cylinder has for each revulutiou to 
be twice filled and emptied. It is obnous that at ever}' 
different point of its revolution the crank is acted on by a 
different force, owing to the varying obliquity of the con¬ 
necting-rod. At the two extreme points, D and £, where 
the crank is in a line with the cunnecung%>d, the effect of 
the piston to cause; it to revolve is reduced to nothing; for 
it merely pushes or pulls it against tliu central sluifL. Theso 
points are technically caUinl the dead mitres, because there 
the force of the piston is dead or ineffective, liut to make 
up for the total want of action at those }H>iuts, we find that 
at some other points the effect of the force passing tlu-ougi. 
the connecting-rod to ttun ihc crank is greater than the 
pressure on the piston, in consequence of the obliquity of 
its action. 

Again, the piston, during a revolution or double stroke, 
passes through a distance equivaleitt to twice the diameter 
of the crank-circle; while tho crauk-piu posses over tin- 
circumference of that circle, more than .t times its dia¬ 
meter. The influence of the pressure on tlic piston to turn 
tho crank may be best conceived by a graphical delineation 
of the force in tho following manner:—If we divide tlie 
circle described by the crank-pin into any number of equal 
ports (Fig. 17d), and draw a straight line A U equal to 
the hi^-ctrcumferencc divided into corresponding parts, 
Fig. 174. A B represenu the diifonco through which the q^uik-pin 

moves during bAlf a revolution, developed into a straight 
line. If at any point, such as 2, wo draw a lino 2 C ropresentihg tho crankf and a line 
2 P representing the connecting-rod, and draw U 2 touching the circle at 2, and therefore 
representing the direction iiAirhich tho crank-pin is moving at tho point 2, whilo 1* C 
npresenta tho direction of the piston, wo may take any length I* D representing tlio 
font* of the piston (as, for instance, if tho pressure on the piston wore 5 tons, wo might 
take P D = 5 inches), draw D £ poipendicular to P D, P F parallel to Q 2, and E F 
perpendicular to P F. Then, on tho principle of readlvcd forces, the length of P E 
represents the force transmitted through tho connecting-rod, and P F the force tending 
to turn tho crank, while O E measures tho side thrust on the piaUm-rod, and £ F tho 
longitudinal stram on the crank, pushing the shaft against its bearings. If, now, at the 
pftlnc 2 in the li no A B we meet a perpendicular 2 Jla equal in length to P F, and at 
the points 1,3,4, Aq., erect others deduced by the same kind of oonstruotion, we oantnu* 
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A ourvti through their Bumiiiite, tho height or ordinate of which at any point measures 
the force turning the crank-pin at the corresponding point of its circnmference; and 
therefore tho area or 


space enclosed be¬ 
tween tho curve and 
its base A B, which 
maybe considered to 
be made up of an 
indefinite number of 
these ordinates, mea¬ 
sures tlie total forco 
expended on tho 
crank during a half¬ 
revolution. If, now, 
wc take a lino 6 II 
equal to the diameter 
of tho crank-circle 
or the sti'oke of the 
piston, and dividing 
it into any number 
of equal parts, erect 
ordinates cath equal 
to P D, and there¬ 
fore representing tho 
constant forco of the 




piston, tho area of tho rectangular figure G II S' L thus formed will, in like manner, 
measure the total force of the piston during one stroke. It will be found that the 
area of this figure is exactly equal to that of tho curvilinear figure, as might be pre¬ 
dicted from the knowledge of tho mechanical principle, that by no combination of 
machinery con we create or annihilate force; and that consequently whatever power 
the piston during its straight stroke impressed upon the crank, is found in tho crank 
during its circular movement. By altering tho length of tho connecting-rod, as com- 
p.'u-cd with that of tho crank, wc alter the figure of tho force-curve, but wo do not 
chungo its area; and whether the connecting-rod bo long or short, tho power conveyed 
through it during tho half-revolul^n is constant. Tho other half-revolution being 
oiFectcd under similar circumstances, would giro & forca-eftTVC precisely like that of tho 
former. 

In this investigation wo have observed that the oblique action of tho connecting-rod 
causes a lateral tlmist on tho piston-rod, measured by the* lino D E. It will be found 
that the longer tho connecting-rod, the less will this lateral thrust bo; and as it is a force 
not only useless to the machinery but positively prejudicial, as it tends to bond tho 
piston-rod or force it out of its straight path, it is advantageous to reduce it to as sm all 
a quantity as possible, and to provide moans for counteracting its influenoe. For this 
reason, a long connecting-rod, thico or four times the leng^ of the crank radius at least, 
should be employed, and the end of the piston-rod should be made to move in guides so 
as to prevent it from being deflected. As the piston at the dead centres has no influen ce 
in causing tho crank to revolve, it is necessary to provide some means of making up for 
this dofloienoy. On the crank shaft there is fixed a large heavy whed, which revolves 
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with it, tad Mt* u ft rawtroir «f force to oany tiie emnk roiuid the dead oentrai and 
oChenriae to equaHae the moTement A hnge maai of natter, 
such as the fly-wheel, weighing sometimes many tons, cannot be 
/ C \ put in motion at a high Telocity without the cxpenditiira af great 
I force; but when it is in motion it requires as groat flnce to arrest 
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it. In the motion of ft crank connected with a fly-wheel, while 
the crank is receiring its most advantageous impulae from the 
pUton at such points as 2, 3 or 4, it oommnnicateo some of its 
overplus to the fly-wheel, which is there st<»cd up in the form 
of momentum or active powo*, to bo given out upon the crarJc 
ai\d any machinery connected with it, when it is at the points 
1 and 6 reoci%'ing no power from the piston. 

In cases where a fly-wheel, on account of its weight and bulk, 
cannot be applied—as in marine and locomotive engines—the 
engine is made in duplicate, with two cylinders, pistons, con- 
Biecting-rods, and cranks, the cranks being fixed on one shaft at 
right angles to each other. While the one crank is on its dead 
centre, as C A (Fig. 176), and receiving no rotary impulse; 
the other crank C B is nearly at its best position for receiv¬ 
ing the force of its piston. As the wliole power of an engine hu to pass through 
its oonnecting-rod, the joints which connect it with the piston-rod and the crank require 
to be made of great strength, and unth precautions against friction and wear. The pins 
of the crank and pistou-rud, on which these joints work, are made of wrought-inm, for 
the sake of strcngUi; and 
ns the faction of like 
metals upon each other is 
found to exceed that of 
different metals, the eyes 
at the ends of the con¬ 
necting-rod are lined or 
butJted with brass, gun- 
metal, or some soft metal, 
such as tin alloyed with 
copper. The special con¬ 
struction of those eyes 
depends upon circum¬ 
stances, different engi¬ 
neers having preferences 
for different forms. 

In Fig. 177 is repre¬ 
sented what is called 
the Klrap-eye. The end 
A of the connecting-rod 
is squared, so that a 
WTOugkt-ironstnp B.bent 
to horse-shoe form, can 
■Ude on to it. Between the areh of the strap and the flat end of the rod, are inserted the 
upper brass C and the lower brass D, generally made of gun-metal, sometimes lined with 
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aoftmetid* ^ntefaraaiM have projecting lips or flanges at each lidatopreye&ttliem from 
moTing sideways within the eje. Ihxoogh the aides of the strap and the head of tho 
oonneoting>rod is cut a 
slot, into which axe fitted 
two piocesitfironythekejr 
£ and the gib F, each 
slightly tapered, so that 
when the key u driven 
gently into its place by 
a hammer, it acts as a 
wedge, filling the strap 
down, and thereby ti^t- 
ening tho braases on tho 
pin to which they arc 
fitted. A little space is 
left between tho edges of 
the brasses to permit their 
closer approach as they or 
the pin become worn 'in 
the hole; and the slot for 1'®* 

receinng the gib and tho key is extended upwards in the strap and downwards in 
tho connecting-rod to permit tho key to be driven. Lest the key should be shaken 
loose by tho motion of the machinery, it is often split open at the small end, and a 
u'odgc G is driven in to spread it laterally. 

The fork-end (Fig. 178) is made by forming the end of the connccting-rod like a fmk, 
fitting it with gun-mctol bushes, and tightening ^m by means of a gib and key. The 
bushed-eyo (Fig. 179) is formed by shaping tho end of the rod into an eye, in which 




Fig. 179. Fig. 180. 


gun-metal buriies are fitted, capable of being tightened by a key passing through a riot 
in the rod, and bearing against the lower bush, which is notched to receive it. Sanen 
times the eyes are made as represented in Fig. 180. The end of the rod A is spread auf, 
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on whiidi are fitted two bruaos mede with a hole to fit the pin, end eeoarod by «««**»»■ of 

bolta end. nvta D E peiang 
through the end of the rod, and 
bolea, in the bmaea fitted aocu- 
rately to reoeivo them. 

Such are the modea |Ndnci- 
pally need of forming the eyea of 
conneotingoToda, or of any jointa 
through which conaiderable atraui 
Laa to be communicated. 

The cnmk A (Fig« 181) ia 
mode aometimea of caat-iron fur 
atatiunary cnginca, but generally, 
for marine engines, of wrought- 
iron, having a holo fitted to B 
the round end of tho ahail, on 
which it ia fixed, and prevented 
from turning by a key C or 
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mpered piece of iron, driven tightly into a slit, formed imrtly in the crank and partly in 
the ahail. (9cne* 
rally, the round 
hole in the crank 
ia made slightly 
gmallcT in dia¬ 
meter than the 
round end of tho 
hbaft; the crank 
ia heated ao 
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tj expand it, a nd permit it to be driven on the shall; and aa it ojoLb it tenda to con¬ 
tract, and thereby 
becomes very firm¬ 
ly bound on to tho 
shall, tho end of 
which ia rivetted 
or hammered over 
tho hole. The 
orank-pin I> ia 
made to fit truly 
into a holo in the 
crank, in which it ia 
sometimes accured 
by a key or pin 
driven t^ugh it 
transvcraely. Tho 
distance £ F be¬ 
tween the centre 
Fig. IBS. line or axis of the 

sliaft and ttat of the pin is called tho throw of the crank, and It x* exactly half the 
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length of the ttreke <it the piston. For hwomotiire engi^ and, indeed, for many of 
the laigest nmriiiM engines, whwo double crantai are ret^oired, it is usual to forge both 
cranks and the shaft in one piece, as indicated in Fig. 182. Bj ibh means great 
strength and simplicity are secured, and all the risk of the loosening of parte put 
together by keys or otherwise is avoided. 

As, by means of a crank, the reciprocating motion of a pis^ is converted into a 
continuous rotary motion of the shaft, so the continuous revolutions of the shaft may, by 


means of a crank, be con- 
Urted into a reciprocating 
movement for the slide or 
feed-pump; but for this 
purpose, instead of a crank, 
an eccentric is generally 
c>raployed. It consists of a 
circular disc A (Fig. 183), 
linving a hole B, not in its 
centre, through which the 
shaft passes.* Bound the 
disc is fitted a ring C, 
generally mode in halves, 
Si “cured to each other by 
bolts and nuts at D; and 
1o one side of the ring is 
attached the eccentric rod 
!■'. F. The eccentric disc, 
or ahcflve, being firmly 
fixed on the shaft, is caused 
to revolve with the latter, 
aud its centre is thus made 
to describe a circle round 
the centre of the shaft. 
The whole sheave thus be¬ 
comes a crank-pin of ex- 
li>ndod diameter; and as 
it can slip freely round 
within the ring, the end 
F of the eccentric-rod is 
caused to move upwards 
and downwards, during 



every revolution, through Fig. 164. 

n distance equal to the 


diameter of the circle through which the centre of the sheave revolves. The radius 
of this circle is called the throw of the eccentric; and its diameter, or the 
through which F is caused to move during a half-revolution, is called the stroke of the 
.eccentric'rod. The setting of the eccentric upon the shaft, or the'fixing of its position 
with respect to that of the crank, is a matter of nice adjustment for causing an engine 
to act well, as we shall endeavour to describe. Let A (Fig. 184) represent the outline 
of a cylinder and piston, with the ports at one side, and a long D-sUde D fitted to them, 
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0 «inb ia ^iHikdi tbe cnnk-pia nvolvM^ «ad E that ia wtodi til# oenlni of the 
•oeoBtrie mToltw in oocmectkin with it.' W# ioppoM tile i^aton at tiia top atniko, and 
tiia cnnk'pia at G. If it ia in t anded that the oiank tiiaU rarolre in the dhnetioai of 
aitoor in I, the eocentrie TovolTiag in tiie laine dinotiony the iBde ahould he jnat 
opening to admit ateam ahora the piaton, and to pemiit iti ex^ from bdbnr it The 
aantie of the eocentrie mnaty therefore^ be at tome aoob poaition aa E’,-'«o that, aa 
it oontinuea to ravolee, itmay oontintte to open the alido to ateam above and to ednetion 
below for some time, and tium be ready at / when the crank reaches G* to rerene the 
movement. Again, if the rotation of the orank be in the opposite diroctum, aa in 1^ 
the eccentric oentie muat for the like reason be at £', a point on the aide of tim vertioal 
central line opposite to that occupied by E. In on engine always moving in one 
direction, the eccentric can be fixed <m the shaft ia such a manner as to give the proper 
movonent to the dide; but when it is desired that the engine ahould move in the 

(^posite direction, some expedient must be dcriaed for 
altering the poaition of the oooentrio on the shaft 
through an angle measured by twice E F, or E’ E*, 
so as to throw its centre as much to one side as it was 
to the other side of the crank pin. The simplest mode 
of cficcting this object ia to make the eccentric sboaTc 
loose on the shaft, with a piece A B (Fig. Ififi) pro¬ 
jecting from its face,- and a piece, or stop, C 1) 
pojecting from the shaft. When the shaft moves 
in one direction, the eccentric remains at rest until 
the end C of the stop comes against B, when it is 
caused to revolve with the diaft. But, if the shaft rotate in the opposite direction, it 
leaves the eccentric behind, until D come round to A, when it is again caused to revolve, 
bnt having ita centre changed 
with respect to any fixed point 
on the shaft, by a quantity deter¬ 
mined by tbe extent of dip before 
the opposite edges of the stops 
come in contact. When this 
arrangement is adopted, the end 
of the eccentric-rod is generally 
wnmAn of the form indicated in* 

Fig. 18& having what is called a 
gab or round-bottomed notch A 
fitted to the pin of the slide rod 
B. When the eceentrio-rod is 
pushed or drawn aside, so as to 
relieve tbe dide-rod pin from the 
gab, the dido can be moved up¬ 
ward or downwards by hand, 

independently of any mobon of ..-vs-* *.t. 

the ocecntric-rod, and the movement of the steam above or below tbe piston thus 
ehanged at pleasure. C is a guard or stop to prevent the withdrawal of the rod too 
frr from the pin. Tho dido-rod is generally made capable of being worked by a 
lever ecovenhentiy sitoated fbr tiw hand of the attendant When he widws to reverse 
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the ttotion of the engme,' he ^uiddy vithdzNirs the gab front the alide-iod pin, and by 
neaneof the hand-lerer noveadte dide in the dineotion opposite to that in 'which it was 
fonneily mored by the eooenteie. He titna tfazowa the ateani'preainre on the opposite 
aide of the piattm—^if it ams formerly aseending it begins to descend, and Sonrenely—the 
moyement of the ctank and shaft is thus xeyeraed, the stop that ^ eccentric is 
brong^t round to the opposite side; and'when, afto a few afteraations of the slide by 
hend, the reyer sa l of the engine is fairly establidied, the gab of the eccentric-rod is per¬ 
mitted again to drop oyer the dide-iod pin, and the contrary motion continues. 

* When there are two engines working together, such as marine or locomotiye engines, 
the number of operations required for reyersal makes it a rather difficult matter. There 
are two dides, two eccentrics, and two sots of hand-levers; both gabs have to be tiirown 
out of gear, and both levers worked for a rimo by hand, while groat care is demanded 
on the part of the attendant lest be work them in such a way as to neutralize each 
other, or oppose the reycraing effect which lie desires to produce. To overcome these 
difficulties, an ingenious arrangement, called the link motion^ has been introduced in marine 
and locomotive engines. For each of the engines there arc tivo cccen'trics fixed side by 
side on the shaft, and their rods arc jointed to an arc A (Fig. 187} 'with a circular dot 
in it, in which the pin B of the slide-rod can 
freely slide. The two eccentrics arc fixed on the 
shaft in such positions that one is adapted for the 
motion of the shaft in one direction, while the 
other suits its motion in the opposite direction. 

When the rod of the one is noariy in a direct Unu 
with the slide-rod, it gives it its reciprocating 
motion, while the other mcri*ly causes the arc to 
oscillate M'ithout affecting the motion of the slide; 

I'Ut -when the arc and rods are pulled aside, so as 
to liiing the slide-pin under tlie other eccentric 
rod. its motion is given to the slide, and the engine 
is thus reversed. With such an apparatus, then, 
one simple movement of a haud-lcvcr, connected 
-with the arcs of both engines, causes tlieir imme- 
dialo reversal. Ihit this is not the only advantage 
of the link motion. It will be readily seeu that 
tlic middle point A of the arc being brought round 
to the aUde-rod pin, the latter will bo left nearly 
at rest, for the opposite ends of the arc bring 
moved nearly in opposite directions by the eccen¬ 
trics will merely oscillate round A, os a fulcrum or 
centre. By bringing the arc to this position the engines on stopped, because the slide 
being at rest, admits no alternation of steam above or below the piston. Again, by 
shifting the arc so as to bring the pin to any point on either side of A, more or less 
movement of the slide in cither direction is produced at pleasure, and thus the quantity 
of steam passing through the ports into the cylinder may bo varied, and consequently 
the speed of the engine, according as the slide is caused to expose a greater or less 
amount of opening at the ports for its admission. 

When valves arc used instead of the slide, for alternating the flow of steam to the 
cylinder, it is not unusual to move them by apparatus called / A (Fig. 188) is a 
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laiAiiig fron tile boitar, B a port to tiie eyliader, end 0 a valTe, eitiier tiaaple or of 

tbe doaUe-beat bind, doeiny thepewage from A to B. 
The Talpe-Tod G D, paeeing throof b a atafing^box in 
tile cover of the vahre-box, tenniiialaa in a voUer D, 
which bean upon a cam F Axed m a diaft £, eanaed 
to rotate by the engine. Ibia cam ia a due partly 
circular, and witii part of H F projeeting to a greater 
diataneeftom the centre. At long aa the roller D bean 
upon the eircular portion, the valve C remaina dowB 
upon ita aeit; but aa the projecting part of the cam ia 
brought by ita revolution umler the rtdkr, the valve- 
rod ia pushed up and the valve lifted to permit the 
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paauge of the steam. By varying the extent of the projecting part, the valve enn 
bo kept open during a greater or leas portion of a revolution of £. When it is 
desirable to vary this period, the cam isaometimes made with numerous steps of various 
extents, on any of which the roller may be made to bear at plcaaurv (Fig. 189). 

For engines revolving slowly, this mode of working valves ia very valuable, aa it 
gives the power of admitting steam to the cylinder during a less or greater part of a 

stroke, and there¬ 
by of taking ad¬ 
vantage of ita 
expansive power 
within the cylin¬ 
der. But when 
the rate of revo¬ 
lution is ratlicr 
rapid, it is diffi- 
* cult to make the 
/' cam and roller 
capable of work¬ 
ing withontnnisy 
and injurious 
blows, resulting 
from their rapid 
alteiuations. 

In statioiuuy 
engines, which 
are subjected to 
FIf. IM. continual varia- 

tiona of work, and yet are required to move with great regularity, it ia easential to 
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provida jonw of govusuag the apeed. The most sunpleeiid efficaciotts appazs** 
tiia fox this purpoBo ia the oonioal 
pondulum or governor) invented 
by Watt (Fig. 190). Wo have 
already deaciibed it ia general 
tenna aa applied to vrindmilla. 

For ateam-onginea it ia uacd 
in a aimilar manner. The vorti* 
cal apindio ia put in motion by 
the engine, and revolves quickly 
or slowly according to the velo¬ 
city of the engine. When it 
revolves rapidly, the balls fly 
outwards and raise the grooved 
brass which slides on the spindle 





















Fig. 191. 

■A. (Fig, 191), and thus moves a forked lever B, which, 
by proper ro^ and levers C, causes the throttle-volvc D 
to turn round in the steam-pipe, and check the passage of 
the steam to the cylinder. When the engine revolves 
sloa'ly, on the other hand, the balls fall in, the brass sinks, 
nnd tlic throttle-valve is presented edgeways to the steam, 
and permits a more free passage. 

As in the pendulum of a clock, the length from the 
point of suspension to the bob must be regulated to beat 
seconds, or half-seconds, or any other intervals 
that may be required; so in the conical pondulum 
nr governor, the length of the arms that cany 
the balls must be regulated by the speed at 
which they revolve. In discussing this question, 
wc need only consider one ball, a# each is 
regulated by the same law, and they arc 
generally made in duplicate for the sake of 
balancing the apparatus, and to give it 8ymm« - 
try. The foroc which tends to throw ball 
outwards from the vertical spindle, is the centri¬ 
fugal force of its revolution, or its tendency in 
obedience to the flrat law of motion to proceed 
in the straight line E P (Pig. 192), touching 
the circle in which it rovolvcs, rather tha]§to bo 
rtiit. continually diverted from its straight to a cir- 

Fljr. 192. cular path. The force which opposes the 

centrifugal force, and causes the ball to l»e continually deflected from the straight 
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lioe, is tho 'veiglit of the toll tending to pnah it dote homo to the Tertical qpindle. 
If nre talce any position of tho toll, sneh as D, A B being die 'rertical sjdndlo, 
and eoanplete the paiallclognun of forces A B1) II, while tho line D H or A B repre- 
Bcnta in quantity and direction tho weight of the ball, and D B drawing it down, or 
A H the centiiftigal force pushing it outwards, A D reprcernts the resultant of 
thoae two finoes as a tension on tho rod by which the bi^ is suspended. If wv 
know tho Tclocity with which the ball aMnves in its path, and the radius of that path, 
we ean estimate its ccntrifiigal force in eoaaparison with its weight, and ran make the 
limb A D of such a length Uiat these two forces shall be properly {uoportioned for a 
certain velocity.* 

Tho Itmgth of the arm of the goremor, measured from tho point of suspension to 
the ceniro of tho baU, may be found from the following nilo 


* ATcfo.*—E O being part of the circular path, which may be taken as small as we 
please, a od E K perpendicular on C F, F £ is nearly bisected in G, and K K is nearly 
equal to E F, and £ F nearly parallel to C £. Also C£;£F::KK:KF = 


i EF . EF5 

rr- 

A body projected from £ with such a rolocity as would in a small period n f caii««> 


it to desfuibc £ F if acted on during that period by a constant dcfli'cting force pamlU-i 
to C £, giving it during A r a velocity which would cauac it to dcitcribo uniformly F K 
in the time A t would be deflected through F G, the half of F K in the time A 1. 

If/= the deflecting force per second (measured by the velocity acquired), / A i-. 
the space traversed during A f at the velocity acquiicd during A t, and if r be tK< 
velocity per second of the body in E F, and therefore £ F = e A /, and !• r= 0 !■', the 
radius (measured in inches). 


/A r’ = FK = 



f- A t= 


r 


•/ = 


r 


V 


Taking n = the number of revolutions per minute, 

2 ir r = the circumference traversed in each revolution, r r= 


nuni]>cr per second, and 
2 ir r « 


00 


r u 
O'o45 


= 9l¥fc.’ 

Tho fore© of gravity is measured by a velocity of 32 J feet or 38o inches acquired 


r »■* 


per second, and taking tr = the weight of the body,/ : te : : 


r w- 

■yT 


38d 


.-./= 


tr r 


tr r «• 


very nearly. 


91 1 in. X 883 ~ 36344 

Xow, as / is represented by B D, while w is measured by A B, and as B D = r 

. ^ W'* 

A B : B D : : »r . / :: ir 


or A B 


35344 B n 36344 


"li D 


«- 


86344 

= (T)' 


Ifts convenient in practice to make tbc angle BAD about 30" when tho governor 

is at its average speed, when A D 2 D B, and asAD^i^AB^-^D B*, wo find 

. - 2 /ISSx® /200\a , 

AD=-—) =(—; ToyiMairly. 
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Divide 200 by tiie Bamber revoltttiioiis per minute^ aad mnltiply the quotUnt by 


itself for the length 
in inches. 

Example. —Re¬ 
quired the length 
of a govemor arm 
Ruited to 50 revo¬ 
lutions per mi- 

. 200 __ . 

«0 = <• 
iind 4 X 4 = 16 
iiiclics. 

To find the Rpced 
t^uited to a gover¬ 
nor of a given 
longth of unn. 

Divide 200 by 
the square root of 
the length (in 
inches), and the 
riuoticnt will be 
the number of 
riA'olutions }>«'mi¬ 
nute. 

£.ra$Hph‘. —Re¬ 
quired the proper 
frjM-ed lor a irover- 
nur having an arm 
1U iiR-iius long. 

The square root 
of 16 is 4, and 

~ =; 50 revolu¬ 
tions per minute. 

The rods and 
levers connecting 
the governor with 
the throttle-valve 
should bo capable 
of adjustment, and 
it is useful to have 
an adjusting coun¬ 
terbalance to the 
centrifugal force of 



the balls, by ebang- ^ 

ing which the re¬ 
gulated speed of the engine can be varied at pleasure. Althougb the governor we have 
described isa mostvaluaUeaeoesrion to an engine, yet itisnota perfect regulator; forits 
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Foy-M^of action implut that the velodty of the eni^iiniitluFe tmdergoneadiaiige, 

befine the gomnuff ean 
haTO began to more the 
throttle-TBlro. Bnt with- 
in certain limita tho Tari- 
ation in apeedof an engine 
thua regnUtod ia inoon- 
aadezable, and there ia no 
appaiatua ao aimple and 
durable that ia capable of 
maintiuning like regu- 

parta of which a non-orm- 
lig. IM. denaing engine oonauta, 


wc wil| diacuaa some of tho modes in which these parts can be moat conyeniently arranged. 

FIga. 193 and 194 are acetioDa, transreno to each other, of a ▼ertical, direct- 
acting non-eondon^g engine; and Fig. 195 a plan of the aame. A ia the foundation- 
plate, ftnnlng the bottom of the cylindiw B, which ia aecaied to it by bolts and notn 
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C, the aiicle and itoam pMMigQB. Bythejnebaindrodf tmoiiutiiiginaorois-headB, 
which woihe between guidei^ end to which is jointed the co nne^n g-rod F. Gy the 
enmk; end H H, tiie bearings in whidi the cnok-ahaft lerolTes. the eccentric and 
rod for woildng Ihc slide; and Ky an eccentric for woriring the feed-pump L. M, the 
fly-whoeL This engine u of voiy simple construotiony end has no parts that are 
unnecessary to the efficient woridng. 

Figs. 106 and 197 are views of what 
is called a taUe-engine. The cylinder is 
elevated on a table; the iq|ton-rod termi¬ 
nates in a cross-heady having a roUer at 
each end working in a guide, and a con¬ 
necting-rod descending on each ride of the 
cylinder to a shaft made with two cranks 
briowy working in bearings, and carrying 
a fly-wheri and eccentrics for the riido 
and feed-pump. The governor is drawn 
by bevil gearing from the crank-shaft. 

In the locomotive engine, the action 
is precucly similar to that of the direct- 




i/f 1 




vig.m. _ 

minute, wo have to divide their product by 33,000 to reduce it to the standard of horse- 


Fig. 195. 


acting vertical engine, although 
the cylinder is laid horizontally, 
and the framing is combined in 
such a manner with tho boiler as 
to secure strength and lightness. 

MotlMda of Eatlaaatixrg 
Vovmr. — In estimating the 
power ofa non-condensingengme, 
we have only to ascertain the pres¬ 
sure on the surface of the piston 
causing it to move, and the dis¬ 
tance passed over by it under this 
pressure in a given time, or the 
velocity with which the pressure 
acts. The product of the pres¬ 
sure by tho velocity gives the 
power; and if the formm' be taken 
in lbs., and tho latter in feet per 
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pDNvr. Fbr eztta^e, if Imeirtluitibepisto&aoTied of«r 900 ftet efviyniimta 
DDdflr aa vrenge pnmue of 1650 Iba. on iti irlule mur^Mo, tho oflfoot nouM be the 
MBDft aa if 1650 x 200 =: 330,000 Ibt. 


iDovDd OTwr 1 foot per miirate; and aa 
1 hone-power is redtoiied cqohralent to 
33,000 lbs. moved over 1 foot per ml- 
nute, the power in the ease assumed is n I || 

But in estimating the pressure on the H I 11 

piston, we arc not entitled to it H J8 H 

as that of the steam in the boiler, which m HRRflHr 

may be measured by a steam-gauge. In ■ iK S|H 

the first place, there is always some length I hQHH /|\ 

of pipe between the boiler and the cy- I aIaIA P 

Hndcr, and the steam pasaittg through I ^ IW ^ | HH 

this pipe loses some portion of its heat. I ['- IHH 

Referring to the table of temperatures |' H|9 

and correspquding pressures, we eon I BH 

see that the reduction by a Tory few i |B|I 

di-grees of the former, prodm^es a very | I {. 

con.siderable diminution of the latter. ^ BHHi 
H'hilc it is usual to cover tho steam- * | w Vi'i 

pipe w'ith felt, or some such non-con- |l l||j W HlH 

ducting casing, in order to prevent a loss w J S MM 

of this kind as far as possible; yet vrith n I I [■[■ 

every precaution there is a diminution fl I I HI 

pressure to the extent of several jiounda | I BSi 

per square inch, especially when tho 
initial pressure is considerable. More- ... 

a sk « a "MT* **2#s 

over, before tho steam enters the cy¬ 
linder, it has to pass the throttle-valve, which may be partially dosed by the governor, 
and tho steam is thus, as it wore, ttire-draum^ or made thinner, less donso, and conse¬ 
quently capable of pressing with less force on the piston. Were the jfiston at rc‘.<*t, 
however small might bo the passage for the steam, yet, like water finding its level, its 
pressure would very quickly become uniform throughout every cavity to whidi it might 
have access. But as the piston is in motion, the steam has to flow along the pipe and 
passages with sufiElcient rapidity to follow up the piston in its progress; and if its course 
be arrested or impeded, that portion <ii it beyond the impediment must necessarily be of 
less density than that before it. Again, as tho alternate flow of the steam above and 
below the piston is oontroUed by means of valvee or a slide, the q^ertnres covered by 


Jhem cannot be opened or closed instantaneously, and there must therefliro be at overy 
alternation moments of tranridon, dnring which the passages are throttled and tho 
atcam wire-drawn. When tho slide is moved by an eccentric, the qpofung and closing 
of the ports is gradual, and the amount of passage <qpen for the steam is oondnually 
diangii^. If the slide and eccentric be so adjtisted that the upper port is just beginning 
te open when the piston is at the top, it will continue to open for some tilno during tho 
descant ci the piston, until it attains its extreme width. It then begine to dose; and 
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iMfore the piston reaches the bottom it must be dosed somAlime bp the whieh has 

moved onwards 
nsnfficient dis> 
tance to be 
ready for open¬ 
ing the bottom 
port to admit 
the steam be¬ 
low the piston. 
The slide and 
eccentric are 
generally so ad¬ 
justed thatcach 
port is closed 
when the pis¬ 
ton has passed 
through |rds 
of its stroke. 

During the remaining |rd of the stroke, the pree- 
sure on tlic piston must therefore^H^dually dimi¬ 
nish, 08 no fresh steam being admitted into the 
cylinder, that already in it becomes expanded in 
volume, and prc^rtionally diminished in density 
and pressure. Moreover, when the double eccentric 
and link motion is employed to work the slide, or 
when a special valve is provided for cutting off or 
arresting the ingress of steam to the cylinder at an 
earlier period of the stroke than that which is deter¬ 
mined fitnu the motion of the slide alone, the en¬ 
gine is said to bo worked expanrively, and the gra¬ 
dual diminution of pressure during the stroke be¬ 
comes still more moiked. 

Again, after the piston has completed its stroke, 
the cylinder being filled with steam of such final 
pressure as may result from the causes we have 
named, has to empty itself on the return of the 
piston, through the ports and waste-pipes. To 
move the steam through these passages demands 
some force, which acts os a back pressure or resist¬ 
ance oil the piston, and thereby diminidies its effec¬ 
tive working force. 

Having in view, then, all these causes of change 
in the steam-pressure during cadi stroke of tho 
piston, it becomes important to asoortain what is 
the mean or average pressure throughout, which 
may be reckoned, aa the working pressure, or the 
actual force applied to each part of tho surface of tho piston to move it against the resist¬ 
ance of the maohinoty on which it acta. 
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Thn intfirtfiir ii ■ ■innilo tad beantiftil laitriiiiicait, bj vhiidb tliu «l«iDeiit of poire 
Ctt lie Mweiteiaed trith the gntteit acou- 
TMjr. A (Fif. Ift8)iiantaQ eyliiider open 
at top, fitted with npiatoiiy and oominimi- 
eating hj a inpe and teop-cock with the 
-upper or lower part of the main cylinder. 

The pitton ia preeaed down into the cylin¬ 
der hy a niedy adjoated apiral ipring, and 
a pencil B is fixed to the j^aton-rod. C ia a 
roller round which apteee of paper ia wound; 
on the axia of thia roOer is fitted a pulley 
D, connected by a string -with some of the 
moring parts of the engine. The roller ia 
also fitted with a spring, like the main-spring of a watch, ia inch a manner that after 
being pulled round in one direction by the motion of the engine conuuunicated through 
the atring, it ia made to reooil by the ^ring. If wc suppose the etop-cock closed, the 
piston, being pressed on by the spring and the atmosphere, -will remain at the bottom <>t‘ 
the cylinder; and the pencil being stationar}' at its lowest {mint £, while the roller is 
made to rotatebadrwards and forwards, will describe a line on tho pax>CT which would 
appear straigm on its being unfolded from the roller. But if, while the roller continues 
its motion, the stop-cock bo opened, then the piston will be subjected to tho pressure of 
steam in the main cylinder, and will be forced upwards in opposition to tho pressure of 
the spring and of the atmospherey and the pencil will trace a line <m the paper varying 
in height as the piston rises and falls. But, farther, if the spiral spring be so adjusted 
that we know exactly how many pounds will compress it an inch, and if wc know the 
area of the piston, we can exactly measure the amount of pressure on it by tho height 
to which the pencil is raised above tho neutral line E, where it remains when subjected 
to no upward pressure. And thus the position of the pencil on the poper, or the mark 
left by it at any point, furnishes tho measure of the pressuro on the main piston of the 
engine at the corresponding point of its stroke. On unfolding ^tbe paper from tbo rollcr 
we should find a figure (Fig. 199} described on it by the pencil, which, when properly 
analysed, gives us the means of reckoning the varying propsure on tbo piston, and 
often points out defects in some of the adjustments, and suggests modes of remedying 

them. ® 

If we sipposo that the area of tho indicator-piston is 1 square inch, and that tho 
spring is adjusted so that it requires a force of 10 lbs. to compress it 1 inch in lengtli, 
or 1 lb. to compres s it i^th of an inch, wc can form a scale of tenths of indbes, and apply 
itto the indicator diagram at a number of points A, B, C, Ac. (Fig. 200), equally distant, 
and measure off the lengths of ordinates A L, B M, &c., ^wn timugh these pointy and 
thus the pressures acting on the piston of tho indicator-cyUndcr at equidistant 

points of the stroke through which the paper is made to travel. These pressures corre¬ 
spond exsctly with those to which the main piston of the engine has been subjected 
during its stroke, bee ff^ff * the small eylindcr of the indicator oommunieates freely with 
the cylinder of the engine. If wo suppose the indicator to be fixed at tho top of tho 
cylinder, the upper part of the curve a, L, M, &c., R, Z, is that traced during tho 
descent of the piston when the steam is pressing on it. The lower part of the oi^e Z Y, 
Ac., S«, is that traced during toe ascent of the piston when toe steam is escaping from 
the blinder. Were the indicator fixed to the bottom of toe eylisder, ire abonld got 
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oorreapotnding enires for the eteem-inewuree there. OenereUy, vhea the dide-gear ie- 
properly adjusted, these figures are very nearly alike; and, if so, the upper part <tf the 



curve may be token as that traced by the active pressure either above or below the pie- 
ton, while the lower part of the curve may be taken as representing the corresponding 
resistance of steam during its egress from the cylinder. Now, as the total height C N 
of any ordinate measures the total pressure on one side of the piston when it is at the 
point of its stroke corresponding to C; and as the part C U of the same ordinate repre¬ 
sents the n'sisting pressure on the piston at the some point of its stroke; the differenee 
U N, or the part of the ordinate intercepted between the upper and lower limbs of the 
curve, measures the effective pressure on the piston clear of all resistances. The some 
applies to all the ordinates; and as wo may suppose the whole curved space made up of 
numerous equal, narrow, vertical strips, each measured in height by an ordinate, wc 
reckon the area of the figure contained within the curve as an expression of the power 
developed by the piston during its stroke* Or, having token a considerable number of 
pressure ordinates and found the average, we consider this the mean effective pressure 
on the pistSn. For example, the average of those marked in the figure, found by 


adding them into one sum, and dividing it by their number, is 


140 

7 


= 20 lbs., the mean 


effective prossuro on every square inch of the piston. In taking the average in this 
way, the most correct method is to take the first and last ordinates, A L and 6 K, at a 
distance from the respective ends of the stroke a and Z, half that which separates the 
ordinates generally, A B or B C. 

If we Buppose the engine from which this figure was taken had a cylinder 12 inches 
in diameter, a stroke of 16 indhes, and that the crank was making 80 revolutions per 
minute, we can reoi^y calculate the effective power of the engine thus:—Each revolu¬ 
tion of the crank requires an up-stroko and a down-stroke of the piston, or a travel 
through twice 16 inches, vis. 2} feet; and as 80 revolutions are made per minute, the pis¬ 
ton travels over 80 X 2|=:200 foet perminute. Again, the area of the piston 12inchcs 
diamotw is 113 square inches, and as this is pressed on with an avuage load of 20 lbs. 
on every square ineh, tiie total pressure on it is 113 x 20 = 2280lbs. Wehave, there- 
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licHV^ 2260 lbft.ai 0 vedofer 200 fbetp«riin]kato,eqiiiTitort to 2260 X 200 = 462000 Ibf. 
moved over 1 foot per nunnto, vrliidi give * 330 ^^ = bone-povror noerly. 

The oomplcte rule for finding the power mey therefore be thus stated:—Measure the 
ordinates (at least 6 or 8 in number) contained within the indicator figure, sum them 
up, and divide by their number for the mean pressure; multiply the area of tho piston 
(in square inches) by the mean pressure (in lbs. per square inch) by twice the length of 
stroke (in feet) and by the number of revolutions per minute, and divide the produrt by 
33000 for the horse-power. 

£rample. —On the indic6tor being applied to an engine, haring a cylinder 30 inches 
diameter, a stroke of 4 feet, and making 27 revolutions per minute, 8 ordinates of the 
ligure were found to be respectirely 34, 34, 34, 33, 24, 18, 14, and 9: required the 
power of the engine. 

8am of 8 ordinates = 200, which, divided by their number 8, gives 2o lbs. tii<> 
mean pressure. 


Area of cylinder, 30 ins. diameter 
Multiply by mean jgessurc 

Total incnn pressure nr. piston . 
Double the Stroke 


== 707 squar® inches. 
25 lbs. 


17,675 lbs. 
h feet. 


Number of revolutions 


141,400 

27 per minute. 


Divide by .... :;:5,000) 3,817,800 

Horse-power lloi nearly. 

But in makin g these calculations, it must not be fmrgottcn that we only reckon t be 
force with which the piston moves. In communicating this force to the crank-shufi, 
and thence to tho machinery driven by the engine, there are losses from fricti«)n uiitl 
t>ther causes for which some allowance must be made. The piston rubs along the 
surface of the cylinder, its rod rubs through tho stuffing-box ^ so with tho slide. The 
end of tho piston-rod rubs on the guides, which save it from yielding to the oblique 
action of the connecting-rod; the connecting-rod eyes mb on their pins, tlie cruitk- 
shaft mbs in its bearings, tho eccentric and its rod also present rubbing surfaces, Uic 
fly-wheel encounters cfinsidcrable resistance of air to its fbtation, and tho feed-pump 
demands power for its working. All these resistances vary with the conditions of the 
rubbing surfaces, tho accuracy or inaccuracy of their fitting, their state of liibricatiou, 
and otW ciroomstancos; so that it is difficult to state any constant deduction to be 
made from the calculated power on account of them. An engine in a very good state 
„ should thus waste not more than i:th to i^th of its power, while ono in a bad state may 
lose as much as jirrd. It may generally be fair to xuckon the loss at or ith of the 
caloulated power. Thus, in the example given, the caloulated power being 116'it we 
take the real power about 90, deducting rather more than ^th for losses. 

Tho indicator figure is not only a measure of power, it is also a picture of defects, 
and may often fumidi useful hints as to the proper mo^ of improving the action of tho 
engine. If A B (Fig. 201) n epr e so n t the stroke, F H a line drawn at a distance A F 
bdow equal to 16 lbs., and if we suppose steam at 80 lbs. above atmospheric pressure 
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ii admitted to the cylinder daring half tiie atndw, then enddcnly cnt off, we draw A C 
= 30 Ibe., C D half the itroke; take £ midway in P H, and fill in the hyperbolic curve 
DE. Thenwill 
the figure A C 
I> £ B repre¬ 
sent the beet 
possible efiect 
that could bo 
got under the 
conditions p- 
ven; for th<* 
si might line A 
Crcprcsentsthc* 
sudden rise of 
tliu pressure 
fnim that of the 
atmosphere to 
SO 11)». above it 
at the begin¬ 
ning of the 
stroke ; _ the 

straight line C 
I) represents 
the eontinu- 

an('(' of that pressure during half the stroke; the curve D E indicates the gradual reduction 
of pressure as the steam enclosed in the cylinder expands to fill its increasing capacit}’; 
the ]>oint K midway in P H marks the pressure at the end of the stroke, halLthat at 
the beginning or middle, because the capacity of the cylinder at the end nu been 
doubled while the quantity of steam within it has remained constant. The straight 
E B marks the sudden fall of the final pressuro to that of tho atmosphere when 
the exit port is opened; and the straight line B A represents tho constant resistance of 
tlu- atmosphere to the issue of the steam during the return stroke of the piston. Sucli 
might be tho theoretical figure. The practical figure inscribed within it must neces- 
sard}' fsill short in somo respects of that which is theoretically perfect. For instance, 
at the beginning of the stroke, the port opening not suddenly, but gradually, produces 
a curved line from K to L, tho piston having traycllcd some distance before the frill 
pressure is attained; tlic gradual closing of the port or expansion valve, and some dimi¬ 
nution of pressure from the cooling of the steam, or from leakage past the piston, arc 
indicated by the inclined lino L M. The cooling varies tho expansion curve M Q from 
the tme hyperbola, and the gradual opening of the exit port causes a curved turn finm 
Q to N instead of a sudden drop £ B. The line 0 N above the line of atmospheric 
])rcg8uro A B, indicates some additional resistance to the issue of tho steam dependent 
on limited orea, or bad form of opening, or leakage from the steam aide of the piston, 
and tho turn at 0 K marks the'gradual closing of Uio exit port and opening of the inlet 
port for tho succeeding stroke. A careful analysis of a figure produced by an engine 
not working satisfactorily, will thus point out causes of loss, and suggest means of 
remedying them, by widening the ports, readjusting the ecoentrio and slide, clothing 
tho cylinder to prevent cooing, and such other arrangements as may be found advon- 
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tsgtoM. la. tbe hand* of an ezpMienoad eng ine a r , mdicator diagrama become higUy 
Bo g ge rtiT c of aaeritiand dcfeeta, and oftmiltmiidixnore infomatiga aa to Uie eoonomioal 
woilnng of an engine or the rovene, than eontinned obaenration of ita atracturo and 
aotiion could aupply. 

In estimating tho power of a non-condensing engine without referenee to ita tndi- 
entor figure, we may generally make a very near approximation to the truth by tho 
following mode of reckomng. We amume the engine to be in fair woricing order, and 
fitted with an ordinary dido, cutting off the steam at about |rds of the stroke; that the 
steam>pipc is not of great length, and well clothed with non>condacting material; that 
the ports are well propoitio^Ml, and the piston and slide tight. We farther suppose tho 
piston to travel at the velocity of 200 feet per minute, which is found to be practically 
a fair working rate; and that a horstvpower to he effective,'after all allu«*anoes for fric¬ 
tion, &c., ahould be estimated at 44.000 llw. moved 1 font per minute, or 220 lbs. moved 
200 feet per minute. We observo the pressure in the boiler, and deduct from it |th fur 
loss by cooling in the steam-pipe and t‘X]tnnsitiii in the cylinder, and 2 Ihs. for nnistanee 
t<t exit and other losses, the remaindcT tediig rtK-koiu'd us the mean effective pressure. 
Multiplying this by the area of the piston, and dividing by 220, wo get a fair cetimatc 
of the power. 

Er<tmplf .—An engine having a cylinder .30 inches in diameter, is worked at a pres¬ 
sure of 36 lbs. in the boiler: required its power. 


From pressure in boiler. 36 lbs. 

Deduct one-fonrth.0 lbs. 

* And.2 lbs.-11 „ 


707 
G7d 

IIorBc-];>owcr. 80 

In general it is the business of cug^ccrs to provide engines of certain powers w’ifii- 
out special reference to the pressure at which they diould be worked, lly cmpluying 
very high pressures, tlic sixe, weight, and cost of an engine are certainly reduced; but, 
on the other hand, some danger is iucurrt'd, and the tear and wear is considerable, liy 
using very low pn'ssures, again, the cylinder necessarily becomes large, the engine 
generally cumbrous and heavy, and little advantage enn he taken of tho expansive iH>wi>r 
of the steam. We consider a brjilcr pressure of 40 to 60 lbs. to he a fair average on which 
tu/stimate the engine-power; and W’ould suggest the following rules fur calculating the 
IKiwer of a given engine, and the diameter of cylinder necessary to produce a given 
power. 

1 . To find llie power of an engine when the diameter of tho cylinder is given. 

JBufs.—Divide the diameter (in inches) by 3, and square it for the horae-power. 

ExampU. —Required tho power of an engine having a cylinder 16 ipehca in diameter. 

~ = 6, and 5 5^25 horse-power. 

2. To <te4 tiw diameter of cylinder necessary for a given power. 

JtuU. —^Multi^y tho sqaan: root of the power by 3; the product is tho diameter of 
the cylinder in inches. 


Mean effective pressure. 

Mtiltiply by area of 30 inches. 

•Divide by. 220)17 
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-What dkould be the diameter of a eylinder for 100 hone>power ? 

Square root of 100 =: 10, and 3 X 10 s= 80 inchea. 

The length of atroke muat depend on the number of revolutions made by the crank 
in a given time. It is convenient to assume that the piston, in engines going at a fair 
avenge speed, shall tnvel over 200 feet per minute. Sometimea it moves at the rate 
of 250, and even as much as 300 feet per minute; but, upon the whole, 200 is a con- 
venient and economical speed. This is the product of twice the stroke by the number 
of revolutions; and hence its half, 100, is the product of the stroke by Uie number of 
revolutions. If, then, cither the length of stroke or the number of revolutions be ^cn, 
the other may readily be thus found;— * 

1 . Given the length of stroke to find the q>ecd. 

Sule .—Divide 100 by the stroke (in feet), the quotient is the number of revolutions 
per minute. 

Example .—^\Vhat is the speed of an engine having 2 ft. 6 ins. stroke ^ 


100 

2 ^ feet 


= 40 revolutions per minute. 


2 . Given the speed to find the stroke. 


Eule .—Divide 100 by the munberof revolutions per minute, the quotient is the 
length of stroke in feet. 


Example .—What must Ik; the stroke of an engine making 35 revolutions per minute ? 

zx. 2‘57 feet, or about 2 ft. 7 ins. 


The dimensions of the steam passages should be proportioned to the area of the 
eylinder; for while the piston travels at its quickest speed, increasing rapidly the space 
to be filled with steam, the possagies should admit the steam with sufficient velocity to 
sustain the pressure on the n*treating piston. It is found, practically, that the area of 
the steam-pipe mn}* bo advantageously a^tth of that of the cylinder, or the diameter 
of the one ,*ith of that of the other. Thus, for an engine having a cylinder 30 ins. 
diameti r, the steam-pipe should he 5 ins. diameter. When it is intended that the piston 
i^uld travY'l more rapidly than the average rate of 200 feet per minute, the steam- 
p^p should be proportionally large. In snrh cases, its diameter may he advantageously 
reckoned at 1th of the diameter of the eylinder. The ports which admi^ the steam into 
the cylinder should always present an area of passage considerably greater than that of 
the steam-pipe, for during a great part of every stroke they are partially closed by the 
slide. The exhaust-pipe, whirh conveys the steam from Ao cylinder, should be larger 
than the steam-pipe; for the waste steam should bo permitted to become rapidly ex- 
pandiMl in volume, in order that its back pressure on the piston may be diminished as 
much as possible. 

The sisc of the feed-pump should always be greatly in excess of that which is abso¬ 
lutely required for supplying the amount of water boiled off in steam for the engine. 
Occasionally, the valves of the pump leak, there may he leaks in the boiler, some of the 
water may pass over in priming, and a good deal may be wasted in blowing off. The 
pump should, thUbforc, be capahlo of supplying at least 3 times as much wafer as is 
actually due to the steam supplied to the cylinder. The pump is generally arranged so 
as to make one stroke for each revolution of the engine, or each double stroke of tbo 
piston. If, then, we take a case where the diameter of the cylinder is SO inches, the 
stroke 4 feet, and the average pressure 30 lbs. above that of the atmosphere—that is to 
say, the steam at 3 atmospheres—we find that, during each revolution, the cylinder twice 
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filled vitli eteuA «iee e 'volume of about 68,000 eubie indiea. Steam at 1 atmoqthere 
oi proB B u re bemg about 1600 times the ‘rdumeof vatra, its voluiBe at 3 atmospln^ is 
|vd of that^ or about 833 times that of water. The water neocaeary to generate 68,00U 
oubio indies of stetun at 30lbs. pressure, tberefore, amounts to 128 cubic inches; and ns 
the feed-pump should bo capable of supplyiDg thrioc this quantity, it must deliTcr nt 
eadk stroke 384 cubic inches. Should we make the stroke of the pump 2 feet, half that 


384 


of the piston, its area must bo ~ 16 square inebes, or its diameter 4} inches. 


As a general rule fur the dimensiona of the feed-pump in non-eondensing engines, 
wc may ofier the following 

Multiply the square of the diameter of the eylinder (in inches) by tho length of 
stroke (in feet), divide by 90, and the quotient is the product of the square of tlic 
diameter (in inches) of the pump, by its length of stnike (in feet). 

Erompte .—Required the size of tho feed-pump for an cngiiio having a eylinder 
30 inches diameter and a stroke of 4 feet. 


^ product of diameter squared by stroke. 

90 


If we take the 


40 


stroke of the pump 2 feet, then — = 20 is the square of the diameter, or the diameter 


is about 4^ inches, because 4| X 4| X 2 = 40 nearly. 

Many treatises on the steam-engine give rules for tho dimensions of all the prin¬ 
cipal parts of an engine. "We think, however, that these rules arc not in ninny eases 
practically available, because a difference in general design and arrangement, or i;i 
average pressure and s|>ecd, occasions very considerable variations in the proportions of 
the parts. Careful study of well-made engines, and actual experieueo in their con¬ 
struction and working, form the true sources of infnnuation as to their due pro])ortionii. 

Tho C/yudetump Engine in all main iKiints resembles the nuu-eniideiiHing engine; but 
it requires some additional parts in order that the vacuum produced by cundeusing the 
steam may bo employed as a source of additional power. If we suppose that the steam 
on leaving the bottom of the cylinder, instead of flowing out into tbo atmosphere, wb^h 
resists its egress with a pressure of Id lbs. per square inch, were conducted into a vesRl 
totally void of air or steam, this resisting force would be entirely removed, and the 
effect of the sfbam pressing on the upper side of the piston would bo increased by that 
quantity. If the vacuum in the vessel were not perfect—that is to say, if there were 
contained in it some rani fluid, such as air or steam, or a mixture of both, greatly 
attenuated, and capable of pressing with a force of only 2 or 3 lbs. on the square inch— 
the pessore iff tilie steam on the piston would be increased by a quantity 2 or 3 lbs. less 
18 lbs. per square inch. Generally, if we reckon tho pressure of steam in the 
boiler as its absolute pressure, not its excess over the atmosphere, and deduct the pres¬ 
sure of fluid in the vacuum vessel, tho difference will be tho effective pressure on the 
piston. Thus, 'with steam in the cylinder exerting a pressure of 10 lbs. above that of the 
afbioBphcre, or having an absolute pressure of 25 lbs. per square ineb, while tbo vacuum 
vessel contains a fluid pressing witli a force of 2 lbs. per square inebj^o effiactivo pres- 
Bure on the piston is 25 —* 2 = 23 lbs. per square inch. The oonditiem of tho fluid iu 
the vacuum-vessel as to pressure is generally measured by a barometer. 

The upper part of the vessel A (Fig. 202} is connected with a gloss tube C, about 30 
iff ffluw long, dijgiing into a of mercury B. Were the q>ace in A an absolute 
Taeamn, the atmospheric pressure on the surfece of tho mercury in tho cup would force 
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tho morcury up tha tidie to the height of about 80 indiee, beoauie a eolimm of meieuiy 
80 inches in hei^t presioe urith a force of 18 lbs. on the square indi. But if A oon> 
tained fluid pressing with 2 lbs. per square inch, the 
mercury would attain a height; of only 26 inches; 
because the pressure of a. column 7A inches high is 
18 and the additional 2 lbs. of fluid pressure make 
up 15 lbs., the atmospheric pressure. 

then, we know the pressure of steam in the 
cylinder (abore that of the atmosphere), and the 
height of the mercurial column in the barometer, we 
find tho effective pressure on the piston by adding tho 
steam pressure to half the height (in inches) of the 
column. 

It is remarkable that some of the earliest efforts 
made for obtaining power from steam wero directed 
to the construction of apparatus in which its condens- 
ation, as well as its elasticity, dxould afford the force 
requirod. At the end of* the 17th century. Cap¬ 
tain Thomas Savery succeeded in constructing an engine for raising water by means of 
steam. A vessel A (Fig. 203) connected by a steam-pipe and cock B with a suitable 
boiler, oommunicated with a vertical watmr-pipe C, in which were fitted two valves D 

and £ opening upwards. Steam being 
admitted into A forced out the air con¬ 
tained in it by the upper part of the 
water-pipe, and occupied its place. Tho 
steam-cock B being dosed, and a stream 
of cold water made to pour over A, tho 
steam within it became condensed, and 
formed a partial vacuum; the pressure 
of the atmosphere acting on the water 
at tho bottom of C, forced it up the pipe 
through the valve D and into A, so as to 
fill the void q>aoe. The steam-cock 
being again opened, the pressure of 
steam on the water in A forced it throi^h 
the valve E and up the pipe. The vessel 
A was thus successivdy filled and emptied 
by the alternate dosing and opening of 
the steam-cock, and the water raised 
through the height of tihe pipe C. 

A few years afterwards, Thomas 
Newcomen applied steam to give motion 
to a piston in a cylinder. The cylinder 
A (Fig. 20i), communicated by a pipe 
and cock B with a boiler generating 
steam at low (or nearly atmoQdieric) pressure. A piston G, fitting the cylinder, was 
oenneoted by a «!»*«** with one end of a be#"* or lever D, to the other end of which 
£ was attached a pump-rod with a heavy weight F. The ends of the beam were 
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ntnde lotti of cirdeo, m> that while tbe daios were wound cm them or unwoimd from 
them, the pidon and pumiKrod might more in itnught Slcem beiiig 

into I2ie ojrlinder 
bdow the piston, 
■0 as to balanoe 
the atmospheric 
p ifu i e on ita up¬ 
per surface, the 
weight F caused 
it to ascend; and 
when it reached 
the top, the steam- 
cot’Jc was dosed, 
and a water^cock 
G was opened to 
admit a jet of wa¬ 
ter into the midst 
of the steam. The 
coldness of the 
water rapidly con¬ 
densed the steam, 
and formed a par¬ 
tial vacuum bdow 



Fig. SOI. 


the piston, and the atmospheric pressure forced it down to the bottom, raising the 
weight F. The wster-ooek being now dosed, and the steam-cock opened, the ascent of 
the piston was repeated. 

Numcitms inventors contributed to the improvement of Newcomen’s engine, and 
about the beginning of the 18th century it had become a practically useful, but not 
economical apparatus for pumping. The principal objection to the use of this, as well as 
of Savery’s engine, consisted in the circumstance that the altenmtcd flow of cold wa|pr 
into the steam-cylinder cooled it down and greatly diminished the force of the steam as 
it entered, a great portion of its heat being ineffuetively expended on the cold metal of 
the cylinder. It was reserved for the illustrious James Watt, shortly after the suddle 
of lad century, to introduce those improvements in the arrangement and censtruction of 
the sCcam-engino, which have rendered it the most useful and economical of all known 
sonreewof power. His principal improvement on Newcomen’s engine was the use of a 
ecpgnte vessel fmr condensing the steam, with an air-pump for removing the water of 
cottdensafian and the air liberated from the water. But his ingcnmty was likewise 
devoted to the improvement of every detail of arrangement and construction; and, 
Itaving found the steam-engine in many respects rude, inefibetive, and costly in its 
vyni^g, he left it on apparatus as nearly perfect as any human work can be. Since 
his ^e, changes have been made in the arrangements of the parts to suit peculiar cir¬ 
cumstances of operation, and new forma have been devised for particular purposes; but in 
all their leading features, the steam-engines of the present day ere essentially the products 
of Wattes fertile genius. The condensing engine, asimprovedby Watt, is of two kinds:— 
Single-aetmgf where the steam is permitted to press on one side bf the piston only, 
so as to cause it to make a single stroke; the return stroke being effected by a oounter- 
baloricc weight. 
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ZhtMe-aeting, where the steam presses altenutely <m each side of the piaton, sadits 
teciprocating movement is converted by a crank into rotary motion. 

Thtf 8ingle<4cting engine is well suited for audi an operation as pumping, where the 
reciprocating movement of the pump>bnckot correaponds with tiiat of t^ piston. The 
doable-acting engine, again, is adapted for driving machinery. In both these ltind> of 
engine, where the steam is condensed, there are required a condenser and an air-pump, 
which wo will now describe. 

The condenser is a vessel B (Fig. 205), generally made of about Jth of the capacity 
nf the steam-cylinder, with which it communicates by the pipe D. The steam, aft er 
acting on the pis¬ 
ton, instead of 
escaping into the 
atmosphere os in 
non - condensing 
engines, flows by 
this pipe into the 
condenser, which 
is placed in a cis¬ 
tern of cold water, 
and has a pipe and 
cock, I, for the ad¬ 
mission of a jet of 
cold water to con¬ 
dense the steam. 

This jet is called 
the iftjeeffon, and 
its quantity is re¬ 
gulated by means 
of the cock, worked 

by a rod passing upwards, with a handle in some place convenient for the atten¬ 
dant. The bottom of the condenser oommonicates by a passage, fitted with a valve G, 
with the air-pump A. The bucket or piston P of the air-pump is fitted with valvea 
opening upwards, and is moved upwards and downwards by a rod connected with some 
part of the engine, and passing through a stuffing-box in the air-pump cover. Near the 
top of the air-piunp there is a passage Q, fitted with a discharge valve opening into the 
hot-weV K, from which the feed-water is pumped to the boiler, the ovmplua or waste 
being discharged by a waste-pipe. The cistern in which the condenser and air-pump 
are placed is kept constantly filled with cold water by a pump called the ccXd-water 
pump^ supplying it by a pipe N at the bottom, while the heated water overflows by a 
suitable waste-pipe. While the steam flnm the cylinder flows into the cold oondenaer, 
and meets the cold water diffused through it by the injection jet, it beomnes condensed 
into water, and faUs with the injection-water to the bottom, occupying very little vtdume 
compared with that which it ooeupied while in the state of steam, and leaving the r^aoe 
of the condenser a partial vacuum. But water always contuns a quantity of ur 
mingled with it, which passes over with the steam from the boiler to the cylinder, and 
thcnco to the condenser, and the injection-water also ports with a portion of the mr it 
contains, so that after a time the condenser would become filled with the air so liberated, 
and the water of injection and condensation, unless moans were taken to remove them. 
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As the ■ir-piiinp bucket <1 csccii<1b, the diecharge-YalTO Q being cioeedf prorents any air 
or umter firem entering the apace loft by the descent of the backet; but whoa it has 
reached the bottMn and begins to ascend, tho bottom-valve £, and tlm bucket-valves V 
pemit the air and vatcr from the condenser to flow into this space. On the ascent of 
the backet, the bucket-valves P are closed by the pressure of air and water above them, 
and the contents of the pump are discharge through the valves Q into the hot-well. 
Thus by the alternate descent and ascent of the air-pupip bucket, when its capacity and 
the amount of injection are properly proportioned, almost a perfect vacuum is main¬ 
tained in tho condenser; and the effective pressure of the steam on every square inch of 
the pUton is increased by nearly 15 lbs. a^^’c that which it would be were tho steam 
permitted to escape uncondensed into the atmosphere. 

The condenser is generally fitted with a 5/otr-re/rr IT, which comes into play on 
starting the engine thus. The engine having been stopped, the condenser and air-pump 
may have become quite filled with water through the injection-cock; and on starting 
the engine again, no vacuum could be produced while they are thus u atir^logged. But 
by opening a small valve isallcfl the hhtc-ihrttugh ro/rr, a communication is mad«‘ 
between the steam-pipe from the boiler, and the cduction-pipc leading from thccylindcr 
to the eondenacr. The pressure of the steam in the boiler is thus brought to ^ar on 
the wrater in the condenser, and forces it out by the biov~ra/re 11 , tho steam occupying 
its place. On shutting the blow-through valve and opening the injection-(.>ock, th*‘ 
steam in the condenser is condensed and a vacuum formed, so that the engine may be 
started. As long as there is even a partial vacuum in the condenser, the atmoq>hcrie 
pressure on the blow-valve keeps it closed. 

The bottom-valve, bucket-valves, and discharge-valves of the air-pumjt, an' 
frequently made of vulcanized caoutchouc sheet, cut into discs and laid over graringp 
TTatcr or air forced through the perforations in the gratings, raise the flexible discs ol' 
caoutchouc, and paM round their edges; but neither air nor water can return, for the 
atmospheric pressure forces the caoutchouc discs firmly down on the gratings, and 
thereby effbctually closes their openings. 

It is a peculiar property of all vapours, that, besides their scnsiblo heat, or the 
temperature to which they uise the tlicrmomctcr, they contain a great amount of latent 
heat, not measured by the thermometer, but by its effect when the condition of the 
vapour is changed. The latent heat of steam, when its temperature or sensible beat is 
212”, is estimated to be about lOOO’*. This docs not mean that the latent heat could 
raise a thermometer 1000”, but simply that a pound of steam at 212” being condensed by 
its mixture with 1000 lbs. of water at any temperature, such as 60”, could raise the 
temperature of the whole mass of water 1”. In other words, if it were found that the 
eombustiem of a certain weight of fuel could raise the temperature of a given mass of 
wrater from 211” to 212”, it would require 1000 times that quantity of fuel to convert 
the water into steam, having still the sensible temperature of 212”. This great latent 
heat is aomething essential to the condition of water in a state of vapour, for as soon as 
any portion of it is removed by bringing the steam into contact with a cold substance, 
a part oi the st e*"« is immediatdy condensed into water; and the remainder expanding 
to fill the space thus left void, loses density and pressure as it gains volume. In esti¬ 
mating the quantity of injection-water necessary for condensing the steam of an engine, 
are must th^fore bear in mind that it is not ^one the soasible temperature, but olsu 
the latent b est of the steam whidi we have to absorb by tho cold watm* ii^ected. Let 
ua asamne that 1 cubic foot of wrater, having been converted into steam in the boiler, 
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and having acted on the piston in the cylinder, flows into the condenser at a t(»npera< 
tuie of 212**, and containing 1000° of latent heat, and that it there mingles with a quan* 
tity of water at 62° sufficient to condense it and produce an ultimate temperature of 
112 ° throughout the mixture. The total heat of the steam being 1212% has to bo 
reduced to 112°—that is, the steam has to lose 1100° of temperature; the injection 
water entering at 62° and being raised to 112° has to gain 50°. The quantity of injec¬ 
tion-water must therefore bo 22 cubic feet, for 22 cubic feet raised 50° are equivalent to 
1 cubic foot reduced 1100”, because 22 X 50 = 1100. 

The temperatures wo have assumed are such os would frequently occur in prac¬ 
tice ; and generally it will be found that the quantity of injection-water required for 
an engine is from 15 to 25 times the quantity required for feed. 

The capacity of the air-pump is generally ^th of that of the cylinder, the stroke 
being usually and the diameter ^ that of the cylinder. The power necessary to work 
the air-pump of a condensing engine is about t^th of the total power. 

The indicator applied to a condonsing-engiuc produces a figure similar to those we 
have already discussed. But as during one stroke of the piston the communication to 
the condenser is open, the pencil traces a line below tliat of atmospheric pressure. 
Thus if A (Fig. 20G) bo the line of atmospheric pressure, another line B, drawn at the 
pressure of 15 lbs. below A, w'ould be the lino of absolute vacuum, or of no pressure. 
The lower limb of the 
figure would more 
nearly approach this * 
line, the more perfect 
the vacuum in the 
condenser. The area 
of the figure represents 
the power during a 
stroke; and the mean 
effective pn^ssuro is 
found by taking the 
average of the lengths 
of numerous ordinates 
drawn within the 15-1 
figure as before. Fig. S 06 . 

Non - condensing 

engines axe generally of the form called hcam^enyiMn. The piston-rod docs not not 
directly on the crank in the case of the double-acting engine, nor on the pump in the 
case of the single-acting engine, but on one end of a lever or beam, working on 
central bearings, from the other end of which the crank or pump is worked by a 
connecting-rod. By jointed rods connected with pins on the beam, the air-pump is 
worked with b»lf the stroke of the piston; the feed-pump and the cold-water pump are 
also worked with their proper strokes. As the piston-rod, and also the adr-pump rod, 
pass through stuffing-boxes in the cylinder and air-pump covers respectively, and must 
therefore move in straight while the parts of the beam to which they are con¬ 
nected vibrate in oiroular arcs, some arrangement is required for controlling the motion 
of the rods so that it not partake of the circular vibration. This could be effected 
by wntUng them slide between rectilineal guides, but not without oonsideraUe firiction 
and some difficulty in arranging the guides in a suitable manner. We are indebted to 
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Watt for s simple and eluant manner of eieoting tiiii objeet by the ^paratns called 
the pttrmiM tmthn. 

If A D) and B C| (Fi;.207) be tvo equal leroia vibratiiig in oiroular ana D| D 
Cl C Ct respectively, their extromitiea being connected by a rod D| G|, it will bo finmil 
that £, the middle point of this 
rod, moves from £, to in a line 
which is very nearly straight. 

Again, if F G, one of ^eae Icvore, 
be prolonged to H 80 as to be double 
the length, and a parallelogram 
G H M L be formed of jointed 
rods so that F K and L are always 
in one straight line, then K being 
cmitrollcd so as to move in a 
straight line or nearly so, L will 
also move in nearly a straight line. 

Applying this principle to tho 
beam of an engine, K it the point 



to which the air-pump rod is con¬ 
nected, and L thSt to which tho 
piston-rod is connected; G M and 



H L are called parallel motioH 
ItnJkSf and M N, the subsidiary 
lever wbicb controls the movement 
of K, is called the radfut rod. 
In the case of sing^acting en¬ 
gines, where the end of the beam 
opposite to that worked by tho 
piston works a pump, a parallel 
motion is also fitted there to givo 
rectilineal motion to tho pump- 
rod. 

In marine engines, where it is 
desirable to keep the weight as 
low as poarible, the arrangement of 
beam ia difSErent. Instead of ono 
beam above the cylinder and crank, 
tifiro beams are fitted below, one on 
each side of the tgrlinder, and the 
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parallel motion em]doyud in that 

case is somewhat diffeiW from that which we have described, althoogh the principles 


ibmbodicd are very similar. 

The alternate movements of the steam to and from the opporiteenda of the cylinder 
are effected in cond ensing engines in the same manner as non-eondensin g en gi n es, by a 
riide worked by sn eocentrie, or by valves worked by earns. In single-acting engines 
v al ve a are g en er ally employe^ and they are worked by levers struck by pins or tappets 
fixed to the air-pump rod, aa it ascends and de sc e nds al on g with the pston. 

The ringte-aefing besm-engxne is almost exohiaivdiy employed for pumping. Tho 
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form of engine mort eoiiimoiilj used for thii puipow ii whet is called the Cornish 
engine, beoanse at the mines in ComMnsll these engines have been employed with great 
economy and effloimioy for draining to great depths. 

The steam is admitted above the pi^m^oonsidemblepreaiun, and the supply is ont 
off when the piston has performed a small part of its down-stndE^ so that the rest of its 
stroke is offiaoted by the expansion of the steam. 'When the pirton has reached the bottom 
of the cylinder, the steam is permitted to pass from its upper to its lowm a^, so tiia^it 
does not press it in either direction, but the weight of the pump-rods at the other end of 
the beatn, loaded if necessary with additional weight, causes the piston again to ascend 
to the top of the cylinder. The steam is again admitted above the piston, while that 
which is below it flows into the condenser; and thus the alternation is continued, the 
valves which control the movements of the steam being worked by levers and tappets 
from the air-pump rod. 

Fig. 208 ^presents a double-acting condensing beam-eng^e working a crank. 
Here the weight of the piston and air-pump bucket and their rods at one end of the 
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beam is by that of the oonneoting-rod at the other end, and the steam is alter- 
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candannr, to that each md of the beam it altemateljpuahed ttpfwardaand pulled down¬ 
wards by the presBore on the piston. A tho steam-pipe firom the boileri supplying steam 
to the sHde-jadeet or qwee round the slide B. G the cylinder fitted with pistooiy and 
piston-rod cmmected to one end of the beam M by the parsUid motkm L. E the oon- 
denser, communicating with the slide-jacket by tho eduotion-pipe B. P the injection- 
cook, admitting water into the condenser by.a jet from the cold dstem in which it is 
jdfoed. G the air-pump, woilced by a rod from the paralhd motion, and discharging 
into the hot-well 11, in which is placed the f«c^d-pamp worked by a rod from the beam, 
so as to draw water from the hot-well and propel it by a feed-pipe to the boiler. K the 
cold-water pump, wmked by a rod from the beam, drawing water from a well or stream, 
end supplying the cold cistern for condensation. N the connecting-rod, worked from 
one end of the beam, and giving rotary motion to the crank O. P the fly-a’heel, fixed 
ou the crank-shaft, and revolving with it, with the necessary momentum for bringing 
the crank over the dead centres, or highest and lowest points of its revolution, where tho 
connecting-rod is ineffective to turn it. Q the governor, caused to revolve by a strap or 
Land, and suitable gearing connecting it with the crank-shaft. The steam-pipe A is 
lifted with a throttle-valve connected with the governor by levers and rods, so that the 
velocity of the engine is controlled by the throttling of the steam, a.s already described. 

Fig. 209 represents a condenring marine engine suited for driving paddle-wheels. 
A, the alidc-jacket supplied with steam from the boiler. B, the cylinder fitted with 



Fif.aoe. 


piston and rod. C, the piston cross-bead, fnnn the ends of which, dde rods descend on 
each mde of ftie cylind^ to the extremities of two side beams B. H, the condenser 
supplied with injection-water, by the injection-pipe and oock 1, paseing through tiw. 
ship*. bottom. K, tite air-pump, worked by side rods firom pins in the side beims B, 
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aad ducharging into the cistern-head whence tiie supply of water for feed is drawn, 
and from which a discharge-pipe conveys the waste water through the ship's side into 
the sea. £, the cross-head of connecting rod, connected by side rods at each mid to the 
beams D. F, the connecting rod, causing the revolation of the mank G, on the shaft of 
which is fixed the paddle-whed. H is a parallel motion for constraining the cross-head 
C to move in a straight line. The feed-pump is generally placed on one side of the 
air-pump, and a bilge-pump (for emptying the bottom of tibe vessel of water l ea kin g 
into it) on the other, both 1^‘ing worked by the cross-head which moves the air-pump 
bucket. The generid arrangement of the marine engine is sudi as to keep the principal 
weight at as low a level ad possible, lest the stability of the vessel should be endang ered 
by too much weight above the floating line. These eng in es are generally in duplicate, 
placed side by side longitudinally in the vessel, the crank-shafts working the paddle- 
wheels being laid transversely. 

The conditions of a marine engine suited for driving a scrcw-propellcr, differ con¬ 
siderably from those of the engines wo have hitherto described. The shaft of the screw- 
propeller is necessarily at a low level, and lies longitudinally in the vessel to which it 
is fitted, and it must be made to revolve at considerable velocity. When this system of 
propulsion was first tried, it was usual to employ ordinary marine engines placed trans¬ 
versely in the vessel, and to fit on their shaft a largo cog-wheel, driving a pinion on 
the shaft of the screw-propeller below it. Ity this arrangement the low level of the 
latter was secured, as well as its high velocity; but the weight, bulk, shake, and noise 
of the toothed gearing were found objectionable. Screw-propeller en^nes are generally 
made now with very short stroke, so that the number of strokes made in a given time 
is much greater than in ordinary engines of equivalent power. The cylinders and air- 
pumps are arranged horizontally; and the piston-rods act on the cranks placed at a low 
level, without the intervention of side beams. 

Com6it.ed UngincH arc those which embody the principles of both the condensing 
and non-condensing engines. In these a small cylinder aad a large cylinder are placed 
bide by side, and their piston-rods are connected so as to work together. High-pressure 
steam admitted to the small cylinder, woriis its piston as in a non-condensing eng^e; 
but instead of being permitted to escape into the atmosphere, is conveyed to the larger 
eyhntler, in which it expands to greater volume but lower pressure, and acts on a greater 
area of piston. Thenoe the expanded steam flows into a condenser, as in the ordinary 
condensing engine. 

This arrangement gives the opportunity of securing a large amount of useful effect 
from the steam, and thereby eoouomixing fiicl in the boiler. If we suppose, for ex¬ 
ample, that steam with an absolute pressure of 76 lbs. is admitted into the smaller 
cylmdor during ^th of the stroke, and allowed to expand during the remainder of the 
stroke, its final pressure, allowing for a litUo loss by cooling, will be about 18 lbs., and 
the mean pressure throughout the stroke will be about 42 lbs. The steam at 18 lbs. 
being now admitted into the larger cylinder during ^ the stroke, will have a final 
pressure of about 8 lbs., and a moan pressure of about 13 lbs. throughout the strokes. 
The back pressure of rarefied air and vapour in the condenser may ayersge 2 lbs. 
throughout the stroke, and the mean efibetivs pressure on the larger phrton irould then 
be 13 — 2 = lllbs., while that on the smaller is 42 — 13 = 29 lbs. per square inch. 
Now, if the area of the mwH piston be to that of the large in the proportion of 11 to 
29, the total mean pressure oi uoh will bo alike; and the power eff the engine will be 
double that of either, with an expenditure of steam at 76 lbs. pressure, or 60 lbs. above 
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that of tho atmoqdierei cmlj sufficunit to fill ^th of tho eapaoity of the cylinder. 

By cattiiig off at an evlier period of the etndcey and uaing a etill larger eoeond cylinder, 
atiU greater eo<maniy of steam may be attained. 

In determining the power of a condensing engine, it is neoenary to know the 
pressure of the steam employed, the amount of vacuum produced in the condenser, the 
•ise and velocity of the piston, and the various losses of force ooearioned by the hrioiion 
of the maehincry, and the resistance of the aii>pump, foed-pump, and cold-water pump. 
•Aasuming that, generally, the speed of the piston is about 200 fuot per minute, and thut 
the pressure in the boiler does not exceed 5 or 6 lbs. por square inch above tl^t of the 
atmo^hcre, we may take the following rule as to power:— 

Given the diameter of the cylinder to find the power. 

MuU .—From the diameter (in inches) subtract 6, square the remainder, and di\'iilo 
by 20 for the power. 

JEonnyds.—What is tho power of a condensing engine having a cylinder 04 inches 

diameter? ,48 X 48 

64 — 6 =: 48, and —— = 1 to borse-power. 

Given the power to find the diameter of the cylinder. 

Buis.—^To the square root of 20 times tho power add 6, for tho diameter in inches. 

£xamptg .—Boquired the diameter of cylinder for 110 horse-power. 

20 X 110 = 2300, square-root = 48 nearly, and 48 -f- 6 = 04 inches. 

These, however, merely furnish rough guesses at tho power of any engine. The 
proper method of ascertaining the nal power ia to apply tho indicator, when the engine 
is only moving itseli^ so as to ascertain the power necessary to overcome the friction 
and resistance of its working parts; and to deduct this quantity, with some allowance 
fax additional strain, from the power indicated when the engine is in full work. Xo 
d^nite rule can be offered for cstinisting these allowances, as varieties in construction 
and workmanship introduce great dUforencca among oxpurimcntal results. In gencntl, 
it is asfo to reckem not more than ^tha of the indicated power as really effective to more 
machinery, the remaining ^th being absorbed in friction and moving the pumps. 

B^rtamy Bngin—.—In all steam-engines, except those that are single acting, a good 
deal of mechanism is necessary in order to convert the reciprocating roetUiueal motion 
of tho piston into the couttnuous circular motion of tho crank. It has, therefore, boon 
a great object with many mechanics to devise a rotary engine, or one in which the 
steam pressure shall at once give the required rotary motion, without the intervening 
madrinery of oonneefing-rod, beam, xtarallcl motum, and crank. Many of the arrongc- 
Mimto devised for this purpose present groat ingenuity, and it is not improbable th.at 
I Kw n* may prove ultimately suoceasfal; but hitherto no rotary engine has proved so far 
■Ktisflustory as to wamnt its adoption in the place of thoee already in use. 

A aingolar error regarding rotary steam-engines has crept into some of tiie host 
on the aobject; and as it is calculated to discourage inventors who may apply ^ 
themselvea to devising engines of this kind, we will endeavour to point it out. It u 
"assertfid Mtom ^plied to give direct rotary motion to a piston is leas effiBctivc, or 

los es part of the power which it would produce if applied to move a piston in a straight 
line. If we suppose £ D (Fig. 210} to be a piston fitted to an annular cylindrical 
Tomnl B O A F, so that it may be moved round the centre C by tho iwessure of steam 
admitted behind it, we have to oaoertain whether a certain quantity of st e a m applied to 
a yi*^"** thua arranged will generate ea much power as it would produce when applied 
to a p iftoo in ordinary way. Some authms (among them Tredgcdd, in his huge 



BoiABT Eiranrss. 


427 



vork on the eteam-engine) Bay that “ the qiiantitieB of steam being equal, the power of 
rotary action will be leas than that of rectilineal actum;*’ and this fallacy is but too 
generally admitted among en> 
gincers. That it is a fallacy 
may be Tciy easily shown by 
a practical example. Let us 
suppose that the piston D E 
measures 10 inches each way, ^ 

and therefore presents a but* ' 
face of 100 square inches, and / 
that it is acted on by steam / , 

having a pressure of 20 lbs. / / 

per square inch; so that the 
total pressure on its surface is \ i 

100 X 20 = 2000 lbs. Now, ; 

* \ 

considering C D as the arm of \ 
a lever, of which a portion 
£ D is loaded with pressures ^ 
distributed uniformly over it, 
we know that their combined 'x 

effect to turn the lever round 's 

its fulcrum C is the same as if ''-'■x 

the whole pressure were col¬ 
lected into one force at II, tho Tig. 210. 

centre of gravity of the part 

D E. Wc have, therefore, effectively a lever or arm of tho length CII, pushed round G by 
a force of 2000 lbs. applied at II. If we take C £ = 9 inches, then as £ H = d inches 
of 10 inches), CII = 14 inches; and during one revolution, H passes over a distance 
equivalent to the circumferenoe of a circle Imving a radius of 14 inches—that is to 
say, over 88 inches, or 7^ feet. Hence, the work done during a revolution is 2000 lbs. 
X 7| feet = 14,667 lbs. moved over 1 foot. Also tho quantity of steam required to fill 
the annular space passed through by the piston is thus found, C £ being 9 inches, and 
C 1) being 19 inches:— 

Area of outer circle (38 inches diameter) . . = 1134*12 square inches. 

Area of inner circle (18 inches diameter} . . = 254*47 


99 


Area of annular space (diffisrence) 879 65 „ 

Multiply by breadth. 10 inches. 

Volume of annular space. 8796*5 culpo inches. 

Were we to apply thia quantity of steam in an ordinary cylinder, whatever be its 
dimensions, we should produce equivalent power. Let us, for example, take a cylinder 
1 foot diameter, having an area of piston 113*1 square inches, subjected to a pressure of 
113*1 square inches X 20 lbs. = 2262 lbs., moving through a stredw of 6*488 feet (a 
length which requires equivalent vdlume of steam), we find the work to be 2262 lbs. X 
6*488 = 14,667 lbs. moved over 1 foot as before. Instead of reckoning the whole revo¬ 
lution of the rotary piston, we mig^t take any portion of its revolution, and we should 
find the power devdoped by the steam used exactly equal to that whi<di would be pro- 
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dnoed bf tb« aame quantity of steam, in any correaponding poiikm of a cylinder vhere 
the puton mores rectilineally. Without r^erenoe to auy special numerical example, 
we ohaerre these general laws. Whatever be the form of the rotating piston D E, 
steam pressing unifunuly on its surface produces the same edhct to turn it roimd its 
centre C, as if the whole pressure were collected into one force acting at the «!ntro of 
gravity H of the surface of piston; and the work demo by the atoem during any part of 
m revolutton is equivalent to the total pressure in the piston, multiplied the distance 
traversed by the centre of gravity H, or the portion of the drcuinference of a circle of 
which C H ia the radius; and, further, the volume of steam required during the given 
portion of a revolution ia (by the well-known law of mehsuration of annular solids) 
measured by the area of the piston, multiplied by the distance passed over by its centre 
of gravity. In the case of a piston moving rectilineally, the work done by the steam, 
and the volume of steam used during any portion of a stroke, are measured in precisely 
the same way, and bear the same relation to each other. There is, therefore, no theo¬ 
retical objection to the application of steam in such a way as to produce direct rotary 
motion. That there arc considerable practical difficulties in the arrangement of the 
parts, and their construction so aa to present steam-tight nibbing surfaces, and to avoid 
undue friction and unequal wear, is doubtless true; but were these difficulties fairly 
surmounted, we should be in possession of an engine where simplicity, and economy of 
weight and bulk, might enable us to apply steam-power in many cases where it is not 
now applicable without inconvenience. 

Before leaving the subject of rotary engines, we may mention that steam has been 
applied successfully to produce rotary motion on the same principle as tliat of Barker's 
mill, or the turbine applied to water-power. Steam of considerable pressure, passing 
through openings on the rides of several tubular arnia mounted on an axis, causes them 
to revolve in the direction opposite to that in which the steam issuca, on the same 
principle aa the movement of a rocket, where the issue of the clastic gases, generated 
by the combustion of the charge at one end, leaves an unbalanced pressure to act on 
other end, and thus to force it onward through the air; but we believe this mode 
of applying steam-pressure, though exceedingly simple, is by no means sufficiently 
cconomk.al to warrant its general adoption. 


APPLICATIONS OF STEAM-POWER. 

The chief purpoaea to which steun-power is applied are the following 

I. Pumping water for the drainage of mines and docks, or at water-works for the 
supply of towns. 

II. Driving machineiy for raising ora from mines, for moving heavy weights, or for 
, agricultaral and manufacturing purposes. 

III. For locomoticm on railwaya. 

lY. For propelling steam- vc s sel a. 

We will briefty ducuaa the modes in whk^ ateam-power ia generally made available 

these diflerent uses, and the forma of ateam-enginea moat advantageously applied in 
eaeh eaee. 

L VvaiplaK*—In pumping water, until ot late yean, ringle-aoting engines were 
aimnas universally applied. We may most readily account for thi% not on the ground ot 
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any advantage derived from the nae of aingl» 4 cting enginea, but from the cixeumstance 
that the earliest form of engine that was rendered practically available was that of New* 
oomcn, which was single-acting, and suited only for working pumps; that Watt’s im¬ 
provements were first applied to engines of this kind, and t^t his engines were intro¬ 
duced at mines to supersede the labour of men and horses formerly applied to pumping; 
that those engines wore of first-rate quality, effective and durable, and naturally im¬ 
pressed the miners with a preference for their form and arrangement; and that engi¬ 
neers in mining districts applied themselves rather to the perfecting of forms already in 
use than to the introduction of new forms. So strong indeed has been the preference for 
singlo-acting engines, especially those of the kind employed in Cornwall, when applied 
to pumping, that few double-acting engines have ever been employed fbr this purpose 
until very recently. We believe, however, that the results have shown decided 
advantages in favour of the double-acting engines, and that ere long they will supersede 
the more cumbrous and less advanced form of those that are single-acting. 

The pumps employed in mines are of the lifting or forcing kind, having a stroke 
seldom exceeding 8 or 10 feet. When the mine is deep the water is raised by stages, 
each 150 to 200 feet in height. The lowest pumps discharge into a reservoir al^ut that 
height above the bottom of the mine; the second set of pumps draw from that reservoir, 
and discharge into the next higher; and so on, until the water is finally delivered at such 
a level that it may bo permitted to flow off by natural drainage. As apparatus is 
generally required at mines for stamping and crushing the ore, it is not unusual to 
deliver ^e water at such a height above the general level of the ground, as may permit 
its use for driving a water-wheel, from which motion is given to the ore-crushing 
machinery. But as power is also required for raising the ore, it is generally more ad¬ 
vantageous to employ a double-acting engine, besides the main pumping engine, for thia 
purpose, as well as for the preparation of the ore. The power required for raising water 
depends upon the quantity raised in a given time and the height to which it is raised. 
If wc suppose that it is necessary to raise 100 cubic feet of water per minute 150 fathoms, 
or 900 feet, since each cubic foot of water weighs 62| lbs., the total to be raised is 100 
X 62| = 6250 lbs. per minute. This load nused tl^ugh 900 feet is equivalent to 

6250 X 900 =: 6625000 lbs. raised 1 foot, and would require —=: 170 horse- 

power, without allowance fbr friction and excess of power to give the velocity of move¬ 
ment to the column of water. To estimate this quantity, we should add at least 10 per 
cent, or i^th, making the power ISZ-horse, which shoidd be the effective power, after 
making all allowances for the friction of the engine and the various losses occamoned by 
the cooling or leakage of steam, and the working of tho air-pump and feed-pump. 

The performance of tho Cornish engines has received special attention from the cir¬ 
cumstance that a number of mine proprietors placed their engines under the saperin- 
tendcnco of engineers, and had monthly reports published as to tho quantity of water 
lifted, the quantity of coals consumed, and other particulars. Six of the most eflbotive 
engines reported on presented the following averogo results:— 

Diameters of cylinder frrom 60 to 90 inches. 

Mean praasure of steam per square inch, 10 lbs. 

Length of stroke frrom 8 to 10 foet. 

Average number of strokes per minute, 7. 

Diameter of pumps, 8 to 18 inches. 

Average length of pump-stroke, 7 feet 6 inches. 



puxnxo nr socks ahs fob watkk sufplt. 


4S0 

Avenge erock, reckoned in Ibi. of viter Ufted 1 ibot high by the ooninmption of 
1 hneknl of ooela, 40,500,000 Ibi., or dio work of 1,227 horee>power. 

la pena^ng dotAi, tlu> quantity ot water to be lifted in a given time ia generally 
great, hnt ftm height inconaiderahle, and the pomps may therefore be of large diametm*. 
Aa a praetieal example, we may take the ease of a rectangular dock, 200 feet long, 
40 feet broad, and 20 feet deep, the water being lifted 2 feet above the highest level to 
’ give a fell fm- its drainage. The total quantity to be lifted ia 200 X 40 X 20 = 
160,000 cubic feet, or 160,000 X 62| = 10,000,000 Iba. At the beginning of the work 
the water has to be lifted only 2feet, at the end it has to be lifted 22 feet, and the mean 

height of lift is therefore 11 feet, the work done being equivalent to 

oSyOOO 

= 3338 horee*power; or allowing for friction and velocity, about 3600 bone- 
power. If the work be done in 1 hour or 60 minutes, the power of the engine must be 
3660 

= 61 horse-power, dear of all loamt. As in a case like this, the work at first is 

very li^t, and becomes greater as the level of the wstcr is lowered, and the height to 
be lifted consequently increased, it is advisaUo to have several pumps, sU of which may 
be kept in action at first, but which may bo thrown out of action snccessivoly as the 
load on them becomes increased, the strain of the engine being thereby not greatly 
varied. 

In watcr-woiks for supplying towns, not only has the water to be lifted to lueh a 
height ftiat it may command the bighect level to which it has to rise, but it has also to 
be conveyed through great lengths of pipe, often extending many miles. It is con¬ 
venient to arrange, aa near as posublo to the pomp, a high reservoir of such altitude as 
may be sufficient to cause the nccesaary flow in the great length of pipe connected with 
it, This is effected hy pumping the water through an elevated siphon, open at the top 
to permit the issue of air that may be mingled with the water. The pump, in making 
its atrokc, has thus to put in motion only the column of water contained in the ascending 
limb of the siphon, instead of the whole mass contained in the pipes. But in order 
still farther to relieve the pump and engine from the strain required to put in sudden 
movemmit even this mass of water, the pump is provided with a capacious air-vessel, 
which is a dome-shaped vessel, the upper part of which contains air, and the lower part 
commnnicatos freely with the discharge-pipe of the pump. When the pump tUschaigcs 
its contents, the air in the vessel is compressed by the influx of water below it; and while 
the pump ia making its return stroke, the elasticity of the compressed air continnea the 
flow of the water that had been forced into the vessel. The air thus acts as a spring, 
yielding to the force of the discharge from tho pnmp, and lusUuning the pressure on 
the flow-pipe at intervals when the pnmp is inactive. When the pnmpia doublc-aoting, 
or discharges at both the up-stroko and the down-stroke, the intervals of inaction are 
only those ocenpied by tho turn of tho stroke, and tho air-vessel has less to do than 
when the pnmp is single-acting. Two ringle-acting pnmps, of whioh the ono dis- 
chargea while tho other ia drawing, produce a like effect; upon the whole, we believo 
that for rimpUcity, economy of cost and of working, a good double-acting engine, with 
donble-acUng pump, ia preferable to two riag^-aeting engines and pumps, each of half 
the power, or to one ainglo-acting of equivalent power. Wo know of no advantage 
posaeaaed by the single-acting engine, which cannot bo ftdly secured in tho double¬ 
acting engine. It has so happened that many single-acting engines hove been made of 
large dimensions and long strdee, and that the expansive power of the steam has been 
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employed liy eutting; it off at ob eaify pert of tile elMike^ to eoeii on octeni as to aeeiite 
great economy of fbel. But in the double-acting engiiie, porticnlorily when the dupli¬ 
cate cylinder, with high-preasure and low-preaenre notion, la applied, the some economy 
of fiiel can be secured, and the bulk and weif^t of the whole Ore gratily reduced. 

11. IMeing Kiusliliiexy.—^The enginea so employed, whetiier to raise ore from 
mines, to draw railway trains up steep indinationa, or for agricttlturai and m anu fa cturing 
purposes, arc unieenally double-acting. Where the power required is tinall^ or where fod 
is cheap and water scarce, non-condensing enginea are generally preferred. But, on the 
other hand, where there is a plentiful supply of water, and where foel ia expennve^ 
condensing engines are employed; as by a certain eapenditnre of fud, there is eeitainly 
a greater amount of power generated when the steam is condensed. For largo mann- 
fautories, cotton, flax, and flour mills, breweries, and like establishments, the beam- 
engine is generally employed. Its advantages consist in the accessibility of all its parts 
in case of damage or repair, and the steadiness and regularity of its movement, resulting 
from its massiveness and solidity. The substantial and imposing look of a laige beam- 
engino is certainly, however, with many persons, an argument for its use, where 
engines of less weight and bulk might be applied with quite as great advantage. The 
marine engine, having received great attention to its perfect construction, has often with 
advantage taken tiic place of ordinar}' beam-engines in manufacturing establishments; 
and wc believe the only objection to tboir general use is, that they ore rather more 
expensive in the first place. Where there is a deficiency of water for condensation, it 
is necessary to provide large reservoirs in which the water diadmrged from the air- 
pump may have time to cool before it is again used in the condenser. Warm water, 
whm^used for injection, must either be admitted in quantities so great as to impede 
the engine by the_additional work thrown on the air-pump,—or, if limited in quantity, 
can only cficct partial condensation of the steam, so that the piston is impeded by the 
imperfection of tho vacuum. 

The power of an engine required for manufacturing purposes, necessarily depends 
on the kind of work to be done, and its amount. A manufactory generally contains 
numerous machines, like and unlike; and unfortunately very few accurate experunents 
liavu been made aa to the power required for working them. It is stated that in the 
cotton manufacture, one horse-power is sufficient for 100 spindles of cotton yam, and 
the machinery necessary for the prcimration of the cotton; and, again, that one horse¬ 
power will work 12 power-looms. But, every day, improvements are being made in 
tho construction of such machinery, and changes are introduced among tho methods of 
' pr<q)aring the material; and it therefore becomes difficult to assign any determinate 
method of estimating the power. 

In tho iron manufacture, steam-power ia generally applied to the production of the 
blast of air for the smelting frimace. The air is condensed by a blowing cylinder or 
pump, till it exerts a pressure of 2 to 3 lbs. per square inch above that of atmos¬ 
phere, and iri)m 1600 to 1800 cubic foot i>er minute are forced into the frimace. When 
for simply melting or heating iron ift a cupola, revo-beratory frxmaoo or torgey the 
pressure of the air need not be so great aa in amelting operations, it is supplied by a fan 
or wheel, with several blades revolving rapidly in a case. The rapid rotation of the fan 
causes the air occupying its central part to fly off to its oireumforenoe by centrifugal 
force; and openings being provided at the centre and the oireumferCnoe of the fan-cfue, 
the air rushes in at tiio former and out at the latter with considerable velocity, and is 
conveyed by air-drains or tubes to the furnaces. The various processes to which the 
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irca i» «abje et«d ro lling, shearing, flattii^, pnnohing, taming, plowing, and the 
UlB»--aKa an eendncted by the application of 8teaiD>power. And ao with openticjns 
on other netalB, on wood, and generally ^ erode materials, tho facility of deriring 
adeqinate power ftmn the application of heat to water enables us to empl^ maohinciy 
hiatiaad of manual labour in a muhitude oi frmyn, ao as not only to.esecute worbe 
that could not hsTa been attempted without haring such a force at command, but to 
do ao with an economy and eaae that could not otherwise be attained. In aU theeo 
mannfboturing operarions it ia eawntial to the safety as well as to the accunte 
working of the machinery, that the speed of the prime morcr should be uniform. 

Where there are numerous madiines driven the same power, it may often happen 
that several axe in operation at once, while at another time none may he at work. To 
OTerco m c the reaiatattee canaed hy suddenly bringing a heavy machine into action, as 
in the eaae of a set of roUen for preparing iron, and at the same time to prevent the 
dangerous increase of speed that would result fit>m suddenly throwing it out of work, it 
is essential that there shonld be a good governor and a very heavy fly-wheel. The fly¬ 
wheel acts as a reservoir of force in the one case, ready to give out a portion of its 
momentum when the additional reostance comes upon it; and as a reservoir of resistance 
cr inertia, in the other case, ready to absorb a portion of the unneceasary power. The 
gov e rnor, again, permits the supply of additional ateam to the cylinder as soon os the 
velocity of the migine begins to undergo diminution, and chocks or threttles the supply 
whenever the speed rises above the average. 

When the power required ia small, or under cirenrastanoea where there is a difficulty 
in supplying water for coudenMtion, or where there would be a groat disadvantage in 
haring any complicated machinery to be attended to, it is usual to employ non-con- 
denaing engines; these being more rimple are leas costly in the first place, less liable 
to derangement and wear, and more easily understood and managed. It is true that 
for a given amount of power, tho expenditure of fuel is somewhat greater than where 
the steam ia condensed; but with a good boiler generating steam at a pressure of 40 to 
00 Hw. if tike cylinder be made of considerable atse, and the steam cut off at an early 
pazt of the strake ao as to act expansively, the excess of fuel expendittire is almost 
inaiqirBciable. For agricultural purposes, in the colonies, or generally in districts 
xeanoved from eng i neer i ng establishments, simplicity is of more importance than even 
eoconny of fuel. Many of th^ non-condenaing engines, from 5 to 15 horao-power, 
are ma^ portable, so that the power may be readily brought to the work iostead 
of tike walk being brought to the power, portable engine consists of a cylindrical 
boiler, perfinated with flues or tu^ like that of a locomotive, mounted on wheels, with 
a direk-aeting engine laid horixontally upon the boiler, or arranged in some convenient 
way for lif^toeaa andeeonomy of space. For thituhingand winnowing com, draining or 
iirigatiikg hiielE and tile maldikg, and field operations generally, these engines are 
very aerrioeab^ eapedally in caoea where the work of a faxm is not enough to keep an 
engine oooalantiy ein]d«^^ and where the same migine may do duty throughout a 
aaaaiilcirablfi district. WTo bdieve, however, that aa agrieultan approaches more to 
tike condition of a manufimturing art than it has hitherto done, the fixed rogine will 
gradually aupe r a e de those that are portable; the fum buildings will become the head- 
y a n tt m a of the v a rio u s operatkna; the materials will be brought thither to he operated 
end agricnltiiral proceaws will he canied on with the regularity and procirion of 
olitra hranehes of ait. Of late yean, many persona of high standing and energetio 
havla devoted fhomaalves to tike frntitexanoe of this oh{ect; and their example 
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if beiof geaerallj Itdlowod thronghoat the oountiy. Hie Eojal HighaeM Pritkee 
Albert hee erected a rvry oomplete fiumiog eetabUdunent near Windaor. A fixed 
engiine puts in motion a train of machinea finr thnahing, dreaatng, and grinding com, 
eutting duff, bmiaing beaae and oatsi ateaming the food of cattle^ and other prooeffest 
all ayatematically and economioally arranged; and aimilar jdaaa aw adc^ted in many 
othw placee at home and abroad. 

III. ^oc omoti^ea.—In no aj^lication of 8team>power haa grmder ingenuity been 
manifested than in locomotiToenginca. ThegreateflaentialaofalooomotiTeare,l%htnc8a, 
oompactneaa and atrengtii of conatruction, rapidity of action, and facility Of management. 
Some of the earlioat attmnpta at these engines were necessarily rude and imperfect; 
but the rapid extension of the railway system, and the immense advantages derived 
from speed in the transmisrion of passengers and goods, have hurried on improvements 
BO quickly, that in a very few years the locomotive has risen to a high degree of pexfec> 
tion. For some time it seemed difficult to contemplate the possibility of covering the 
land with a net-work of iron-ways, extending over many thousand miles in leng^ ; and 
accordingly attention was riiiefly devoted to the construction of locomotives for running 
on ordinary roads. Some of the engines made for this purpose were tolerably success¬ 
ful in tbeir operations, and embodied in their cfmstruction a great amount of ingenuity, 
which has not been without its use in leading to the more perfect locomotive of the 
present time. Even when railroads began to be formed, the emplo]rment of steam on 
them was a doubtful question, and their most sanguine promoters scarcely dared to hope 
for a speed exceeding 10 miles an hour, or to expect that passengmr-trafih; would equal 
in importance the conveyance of heavy goods. It was feared that the firiction of an 
iron wheel on on iron road would not be sufficient to move onward the loiiomotive itsrif, 
much less a heavy train of carriages; and accordingly it was proposed to apply levers 
to act as legs and feet propelling the carriage, or to lay down a continuous rack, in 
which a toothed wheel driven by the engine might work, or an endless chain to bo 
wound round a revolving barrel. It was not until the actual trial was made, that the 
aimplc expedient of causing a pair of wheels to revolve on the rails was adopted without 
reserve. 

The boiler of a locomotive has already been described; the engines are rimply two, 
direct acting, laid horuontally side by side under the boiler, working cranks at right 
angles to each other on a abaft which crqsscs under the boiler transversely, and haa the 
driving-wheels fixed at each end. For each revolution of the engine, thmefore, there is 
one revolution of the driving-wheels. Sometimes these are made 6 to 7 feet in diametory 
UTMi have therefore a circumference of 20 feet. If we suppose the engines to mdke 200 
revolutions iier minute, or 200 X 60 = 12000 per hour, as the whole circumference of 
the driving-wheel is brought to hear on the rail during each revolution, if there be no 
dip, tile luoomotive must advance 20 feet for each revolution—that is to say, 12000 X 
20 = 240000 feet, about 4d| milea per hour. When the rails are damp and dippery, 
the wheels ocoasionally slip round without taking sufficient hold of them to propel the 
train. In such coaea a little sand strewn on the rails generally causes sufficient friction 
to oommonoe the movement of the train; and its momentum once estaUidied, the loco¬ 
motive bn only to keep it up againat the resistance of the air and the finction of tiio 
running wheels. 'When the locomotive is ap{dicd to the propulsion of heavy goods’- 
traina, .especially up mcUnationai, it is necessary to obtain more friction than could ho 
deriv^ from one pair oi driving-wheels. FortluB purpose the loooiiMitive is fitted with 
ono and sometimes two additiimal pairs of driving*wheds, of the same sise as those 
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vcfefced by tike engine. These wheels sore coupled hy oonneoting-rods working on 
pills piejeoting ftom their arms, so that tiiey all rsToleesimultaneontiy, and thus pre¬ 
sent deuUe or treble the amount of rubbing surlaoe on the rails. The looomotiTe has 
attebhed to it a tender, which is an iron tank mounted on wheels, divided into twooom- 
partmenta, one containing fiiel and the other water for the supply of the engine. The 
water-tank is connected by a flexible tube to the feed-pump of the loeomotive, by which 
the pump draws its supply, and forces it into the boiler. In order to save fuel, the 
water in the tank is heated by steam blown through it from the boUor, while the train 
is stopping, and the steam is Mowing off to waste by the safety-valTe, The engine- 
driver and sUdeer stand on a stage at the fire-box end of the boiler, and have under tiielr 
eye the water and steam-gauges. They have conveniently arranged levers for working 
the steam-valve so as to permit more or loss steam to enter the c^'lindcr; for moving the 
link-motiim of the slides, so as to reverse the motion of the engines; for adjusting the 
pressure on the safety-valve, the supply of feed-water, and the break on the wheels 
when it is necessary to stop or move more slowly. They have c'onvenient means of 
oiling all the working parte, and of opening pet-ooeks in the cylinders to permit the 
issue of water, and the cock for sound^ the steam-whistle as a signal of their approach. 
Altc^ther the locomotive is perhaps the most perfect apparatus that has bcMm designed 
by engineers; and tiie materials and workmoni^ip applied in its construction arc neces¬ 
sarily of the beat kind, to withstand the constantly reiterated shoetka of the movement, 
and to convey power so great through parts so light and apparently so complex. 

IV. > a i y silai o a oC ▼•aa«la.—Although numerous modes nf applying steam to 
the propulsion of vessels have been proposed, two only have met with general adoption— 
riz. the paddle-wheel and the screw-propcUcr. The action of padue-whccl engines 
is precisely similar to that of loccnnotives: the paddles in the one case occupying the 
place of the driving-wheela in the other, and having float-boards successively immersed 
in the water and withdrawn from it as the wheels revolve. The paddle of a steam- 
vessel is, indeed, an undershot water-wheel reversed in its action ; that is to say, instead 
of the wheel being put in motion by the current of water, the wheel put in motion by 
the steam-engine causes a current of water by its revolution; and the reaction of the 
water propelled by it backwards, forces the wheel forwards, and with it the vessel to 
which it is attached. As the float-boards enter and leave the water, they net on it 
obUquely, tending in some measure to press it .down in front and raise it lK>hind. In 
sca-goiiig vessels, where the wheels often act on the undulating surface of the water, 
this obliquity of action becomes a very conridcrablo resistance, and tends to retard the 
engines and give tiicm severe shocks. To obviate this defect, paddles are frequently 
made in such a manner that while passing through the water they hong nearly vertical. 
Such a wh»l is called a featheriHg paddle, because the float-boards/WiMrr, or enter and 
leave the water edgeways like the oar in the hands of a practised rower. The power 
required for a atmun-vesael depends upon its form and tonnage, and the speed at which 
it is moved. 

Steam vessels me generally made veiylcmg in proportion to their breadth, and finely 
wedge-shaped at each end, so os to cat through tlm waterwith as little resistance as pos¬ 
sible. In vessda of similar form and proportiona the power required to produce a given 
gpeeA is nearly as the tonnage. But a very slight increase of speed demands a very oensi- 
dera^ augmentation of power, as may be tiius eotimatod:—^To double the speed eff a ves¬ 
sel H is necessary to pud) aside double the quantity of water in a given time, and toimpcl 
tills waterwith douUe the vdodty, and therefore to enoonntor four tiroes the rcsbtonee; 
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I aad, as the speed of the engines must be at least doubled, the power expended in a givw 
j tl|ne must be at least e^ht times. Generally the power may be taken as the cube of the 
I speed, or rather more. If, for example, a pair of engines wozking to 100 horse-power 
; propelled a vessel at the rate of 8 knots (nautical miles) per hour, we should have to 
; work tho engines up to 200 horse-power to attain a speed of 10 knots per hour; because 
I while the cube of 8, or 8 X 8 X ^ =: 512, the cube of 10 is 1000, neatly double of 
1 512, and therefore the power in the one case must be double of that in the other. The 
I same law applies in the case of vessels propelled by a screw. 

j The principle on which the scrow acts as a propeller may be best understood by 
I considering the action of a windmill reversed. Tho screw generally consists of two 
inclined blades (Fig. 211) projecting ftom an axis mounted in bearings in what is 



Fix. 211. 

call(>d the dead-wood of a vessel, or the part of tho stem immediately before the 
rudder. The screw-shaft works thmugh a water-tight tube fixed in the dead wood, 
and is put in motion by tho engines fixed in tho body of tho vessel. The whole screw 
is immersed under water, and the blades are of such sixe that, looking endways on the 
shaft, they appear to occupy each about onc-sixth of the circle which circumscribes 
them. 

The pitch of tbc screw depends on the obliquity of the blades to tho plane of the 
circle, and this obliquity increases from the circumference towards the centre, because 
tho parts nearer the centre travel with less circumferential velocity, and yet the water 
posses them with equal longitudinal speed. When we say that a screw has twenty-feet 
pitch, wo mean that if the sorow-blade were continued through a complete revolutioa 
round its axis, any straight lino drawn parallel to the axis would cut two portions of the 
blade at points twenty feet opart. Did the screw in revolving through the water put 
tho latter in motion at such a rate os precisely to glide along its blades in straight lines 
parallel to the axis, every rovolntion of the screw would move any portion of water ex¬ 
posed to it through a length of 20 feet. But, practically, the water is almost at rest, 
and tho screw worms its way through it, having to put in motion tho vessel to whkh it 
is connected, and a certain slip occurs, or tho speed with which tho screw and vessel 
travel thsough the water is less than that duo to the obliquity of tho screw by about 25 
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or 30 per omt. If we luppoae that a ecrew of 20 feet pitch makes 60 revolutions per 
minute^ any perat in its sur&co without slip wottld move through 20 X 60 = 1200 feet 
longitadiaally per minute, or 1200 x 60 = 72000 feet = 12 knots an hour nearly. But 
allowing twen^-fivo per cent, or we-fourth, Ibr slip, the actual speed would bo nine 
knots per hour. 

Although screw-propellers have not as yet been applied in such a manner as to pro¬ 
duce speed equivalent to paddles from a given consumption of fuel, yet the advantages 
resulting from their small hulk and weight as compared aith paddles, from their being 
arranged in a place almost inaccessible to shot, and in such a manner that they do not 
interfere with ike sailing qualities of the vessel, are such as to favour their general adop¬ 
tion in the navy as well as in the mercantile marine. 

It would be beyond the limits of a work like this to enter upon the consideration of 
the various forms and details of engines suited for special purposes. We have endea¬ 
voured only to present a few leading outlines of their genenl arraiigements, and of the 
construction of parts more or less common to all. rtx'uliarities of silo, of purpose, aixl 
ereu of taste, dictate peculiarities of arrangement. There cannot be said to lie anv 
beaH’idfat or perfect example of a steam-engine; but moderate attention given to the 
leading features of effective engines will better enable the practical student to appre¬ 
ciate wivantages, and detect errors of design and construction, than the study of tlu 
best drawings or descriptions. 


THE COMMUXICATIOX OF POWER. 

^The communication of power is really the communication of motion, for power im¬ 
plies change, and change of place is motion. A column supporting a weight, commimi- 
cates the pressure of the weight to its foundation ; and a string suspcmling a load from 
a hook, communicates its tension to the hook; but in neither of these cases is power 
communicated, for no change is effected: time forms no element in the question, the 
same strain being conveyed to the point of support in on instant as there is conveyed in 
a century. But if the column or string be in motion like the piston-rod of a steam- 
engine pushing or pulling against a resisting force, not only is the pressure acting on 
the piston eonve}‘cd through the rod as a simple strain, but it is also conveyed tlirougli 
a f^ertain distance in a certain time, or at a certain velocity', and can by its motion effect 
changes on materials presented to it, proportioned to the amount of power developed, 
and the time during which it acts. The potrrr of any mechanical arrangement, there¬ 
fore, means its capability of effecting change; while its work means the quantity of 
change'effected. The most simple kind of change which we can contemplate is that of 
posititm; and wo therefore take change of position or motion as the measure of one 
element of work done. The most simple notion as to quantity of change, is that of 
mass or weight of material moved; and we therefore take weight as the measure of 
another element of work. Lastly, m’c estimate the capability of effecting change—that 
is to say, power—^by the time required fur the work done, llio greater tbc mass moved, 
the greater the distance over which it is moved, and the less the time occupied in the 
motion, the greater the power developed. 

An engine of 10 horse-power, means an engine capable of moving 10 times the mass 
that can be moved by on engine of 1 horse-power over a given distance in a given time, 
or of moving the same mass over 10 times the distance in the same time, or o6 moving 
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the same mus oyer the eame distance in of the time. Power, indeed, is simply 
pressure multiplied by vdocity; and if we know the pressures and velocities oommtmi- 
I cated through any trains of machinery, we compare their powers by comparing the pro* 

! ducts of these factors. 

I It is a simple law of mechanics, admitting of no exception, that whatever be the 
nature or complication of any menhanina] arrangcmmit by which .power is conveyed, 
j whatever be the power applied to move it, the same power would be given out ^m 
, every part of it, provided no waste occurred from fnction. And the more perfect the 
I construction of the machinery in respect of smoothneas.of rubfamg surfaces, the more 
' nearly is this 
law practically 
fulfilled. 

If we take 
any of the sim¬ 
ple mechanical 
liowers, such as 
the lever A B 
(Fig. 212), ca- 
pable of vibra¬ 
ting on the 
fulcrum F, wc 
observe that 
when A F is 

equal in length ^ 

to FB, a weight w Fig. 212. ao 

'f 10 lbs. himg firom A, balances the same w'cight hung from B; or when A F is twice 
F C, a weight of 10 lbs. at A balances 20 lbs. at C. 

Sucli is the law for mere pressure or weight without motion; but when we consider 
the question in respect of power, we have to imagine that the lever vibrates on its 
fulcrum, BO that, every point of it describes a portion of a cirde round the centre F. 
\N^e mav suppose one such vibration effected in a second, and that the arc described by 
A measures 2 feet in length, then will the arc described by C be 1 foot long; and 10 lbs. 
at A, moving through 2 feet in 1 second, develops tho same power as 20 lbs. at 0 moving 
through 1 foot in 1 second, because 10 X 2 = 20 X 1; the products of the pressures by 
the velocities arc e«iual in both cases. Wc might trace the same law through oil the 
simple powers, and through all possible combinations of them; that is to 

buy, through all possible axrangemcntB of machinery. 

The practical application of this law in calculating tho proper strengths and pro¬ 
portions of ports of machines is exceedingly simple. 

In a machine, for instance, moved by 1 horse-power, whenever we can ascer¬ 
tain tho velocity of any part, we can find at once tho pressure or stnuu passing 
through tbAt part. One horse-power is reckoned as 33,000 lbs. moved 1 fiiot per 
minute; if, then, some part of the machine in question were found to move over 
10 feet in 1 second, or 600 feel in 1 minute, wo should at once know that the 
strain on that part is equivalent to a pressure of 55 lbs., for 55 lbs. X 600 feet 
= 33,000 lbs. X 1 foot. As a practical example, let us suppose that in some part 
of a worked by 5 hone-power, there is a wheel 7 feet in diameter revolv¬ 

ing 80 times in a minute, and that we desire to estimate tho pressure on the rim 
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of that wheel, or the rosistiog fivroe whioh would have to be applied to balance ita 
rotary force. 

llie oinminfaencc of a whc<d 7 feet in diameter ia 22 feet, and thie moving 30 timex 
round in a minute has a velocity of 22 x 30 == 660 feet por minute; the power, 5 hone, 
is quivalmit to 33,000 X d3=: 163,000Ibe. moved throu^ 1 foot per minute, or 260 lbs. 
moved through 6G0 feet per minute. The strain on the rim of the wheel is thereibru 
equivalent to 260 lbs. Ocnerolly, the rule fiv estimating the strain (in lbs.) of any 
part ia to divide the power (expressed in lbs. moved over 1 foot per minute) by tlie 
velocity of the pan (in fe^ per minute). 

The kind of motion most conveniently conveyed through machinery is rotary motion; 
and the chief subject of our im^niry will bu as to how this con be conveyed and con¬ 
verted into moiituis of another kind, such as vibratory or retii>riH'ating movements. 

A shaA or spindle is a rigid bar of metal, or sometimes of wooil, i-aused to rotat*.' 
round its axis, and capable of conveying the rotary' motion given to it along its whole 
length, and giving it off at any point to machinery connected with it. The lengths of 
shafts are limited, in conacquence of the difficulties atUmding their construction in great 

lengths. liOrge shaAs, such os arc used Cor tin- 
paddles of marine engines, ara sometimes 20 or 30 
feet long; but smaller shafts seldom exceed 10 or 
12 feet in length. When greater lengths are re¬ 
quired, the shaAs have to be coupled or conticcted 
together. 

Fig. 213 represents a simple coupling for round 
WTOught-iron shaAs. A and 1), the ends of the two 
shaAs, being nicely rounded, are inserted into a 
cylindrical liox bored to fit them, and having u 
gnaivo or key way cut along its interior surfat i- 
corresponding to grooves cut in the shaAs. These 
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groovea ara filled by keys, D B, made slightly tiq>er, and driven tightly in from eMh 
end. One of the ahafts A being oaused to rotate, must carry the conpUng round with 
and also the other riiait B, beeauao the keys prevent either shaft from slipping 
Toni^ Within the conplii^, or the eonpling from slipping round either. In making 
such a ooupling of east-iro^ the ftdlowing proportioins will he found praetioally suit¬ 
able ;~-Extemal diameter of coupling double ihat of abaft; length of ooupling three 
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times Uu) diameter of shaft; width of key, oaie-finirth the diameter of shaft; mean 
depth of key, one>half its width. 

The keys should be made with gih-heada^ am AmwA in the figure, so that they may 
be driven out when required by applying a pmce of iron rod to the projecting part and 
striking it with a hammer, as marked by the dotted lines F, or by driving a wedge 
between the gib-head and the coupling.* 

Some engineers in coupling the shafts, halve them over each other, os in Fig. 21and 



Fig. 214. 

insert a tapered key in a groove formed in the coupling only, its inner surftce fitting 
the gliafts. Stu'h a key, called technically a hollow from the hollowing or con¬ 
cavity of its inner surfiioe, tigiituis the oonpling very fimly on the duAi. I^faee- 



eoupling consists of two discs, wifti projecting bosses keyed on the ends of the shafts 
facing each other, held together by four or more bolts and nuts pasung throngb 
corresponding holes in the two discs. 

* A “key,'* used tat s»»»c s coupling or any other piece of machinery on a roond shaft, is a 
piece of iron or steel of parallel breadth, but slightly tapered In thiekness, so that on driving it into 
the •• keyway** or reeess pioTidM for U, It acts as a wodge, press i ng the epportto suftee of the dialt 
tim A "feather** is a key of equal brsadth and th l ekn e s s throughout, fitted into 
a recess in the shaft, and prqtoctingflroin it into a slot formed in the htde of the ooupUng or other 
boss, which can thns slide along the abaft longitudinally, but must turn with it. 
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SonutioMS wbeait li denied that by ao aoddent ihaU the awivement of any loigdi 
of •halting be xerened, a ratohet^uiding ia applied, a (Fig. 216) u a toothed boas 

keyed finely on the abaft and i a Minar toothed boea 
c^iable of aliding longitudinally on the abaft e along a 
fmi k t r or parallel key, which p re r en ta it from ttiming 
round indepeadoitiy of e. So long aa the abaft 4 re* 
Tolrea in one direction it eaniea the other drnft e round 
with it: but diould the rotation of d be rereraed, the pieaaure on the inclined faoea 
of the teeth cauaoa the boaa \ to alip out of gear with a, and thna to uncouple the two 
shafts. * 

When it ia denied to couple or nncou]de two lengths of ahafting at pleasure, a c/afeA, 
like that repreaanted in Fig. 217, ia gane^y employed. 

A, the driving shaft on which ia keyed firmly a half dutch C, having two projee* 
tiona from its fime; B tho driven dmft, the end of which rests in the hole of C, and <m 

which ia fitted, by 



rig. 316. 



aor parallel 
heyt the other half 
clutch D, having 
also projections on 
its face similar to 
ihoau on C. A 
groove is funned 
in D, and fitted 
with a ring (1, put 
together in halves, 
and having pins 
projecting from its 
opposite sides, 




which maybe 
taken hold of 
by hand or by 
a lover. The 
half clutch D 
being capable 
of aliding on 
tho shaft B, 
con, by means, 
of the ring, be 
pushed in or 
out of gear 
with C; and 
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as the feather 


prevents it firom turning on its abaft, when the projectioiu on it are inserted betweot 
tboae in t bft nrimr the shaft B ia caused to revolve by the rotation of A. 

Sometimes, when it is desired tint tiie strain passing through any shaft shall be limited, 
reoourae is had to frutio n e wyh ay r . A vary oonimon mode of fonning a ftiction- 
conning is to key on one length of ahaft a boas witii a conical hole bored in its fsoe, 
and on the otoor to fit by a feather a conical boas fitting nicely into the conical hole. 
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When the ono ii preasod into the other, the friothm of the eomoal eurfaces cauwe 
ovolre together; but ihould an exoeniTe reeutanoe bo oppoaed to the rotation of 
driven shaft, the Motion of the surfaoea provea ininlBoient to overcome it^ and 
cone on the driving shaft slips ronnd that on the othtt vrithoot driving it. 

When two shafts not lying in the same straight line are to be coined, xecourse is Iftd 
to a universal-joint. On each of the two shaftsAandB (Fig. 218} ia keyed a fork, in the 
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ends of which, at C, D, E and F, are pivoted the ends of a ctosa 6, so aa to permit its 
partial rotation on cidier of its two axes C D or F E. On A being caused to revolve, 

the cross is car¬ 
ried with it 
round its centre 
G, and its ends 
EF also relate 
round the same 
centre, giving 
rotary mirtion 
to Ae other 
fork and draft 
B, the pivoting 
of the cross per- 
mitting it to 

1 { i I accommodate its position to the varying 

I I i 1 obliquity of the forks during their rotation. 

I _When two shafts are not quite in the same 

I If _ \ I atrmght line, but nearly so, they may be 

L-Ji '['"'"I coupled by cranks. The draft A (Fig. 219) 

I _1 has a crank and pin C keyed on to it^ and 

„ , the shaft B has also a crank D, with a dot 

outinittoreoeivetheoxank-pinofC. The 
pin must be sufficiently long to ollow for the departure of the two cranks from each 


i_1)— 


Fig. £10. 
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otiMr bjoUiquitjr of pocition (m indiealcd bjr the dottud lines representing them at the 
epponte point of their reeolation); end the length of the slot ii|UBt be su^ as to allow 
fw tile dUferenoe of lorcl of tite two shafts. 

The bearings in which shafts rerolTc, are technically called piiioMhhtocit or pfummer^ 
lUrie. They are generally made of two pieces of cast-iron, the btuc A, and the eap B, 
lined with gan-metal imhe* €, each half a cylinder. 

The base is recessed to rceciTO projecting parts of the cap; and two bolts D, with 



nuts at their upper 
ends, pass through 
holes in both, so os 
to secure the cap 
firmly on the base 
when the shaft has 
been laid in its 
place. Tbcboai; has 
projecting flanges, 
with holes K 
through whiuli 
bolts pass fur se¬ 
curing the jjfutn- 
mrr-block to Ute 
beam or frame ou 



which it may he 
fixed. Thcs<.* lioles 
are lengthened to 
permit a little 
transverse adjust¬ 
ment of the pliim- 
mcr-block. 'I'hc 
cap has g(>ni<raliy 
an oil-cup in its 
upper part, with a 
projecting nipple 
perforated,through 
which a cotton 
wick oonveya a 


supply of ml to the watbm of the shaft, acting like a siphon by capUhny attraction. 
The brtuMt C are sometimes made square or octagonal in their outer nnimes to prevent 
them from turning round within the plummer-block; oc, when they an quite cylindrical, 
innall studs or steady-pins U, projecting from them into holes in the eap and base, answer 
the time purpose. The shaft has collars F or parts of larger diameter outside the 
-brasses, and tim brasses have lips or flanges to prevent the shaft from moving longitudi¬ 
nally. As the tiiaft or braiaea wear from the conatant friction, the cap and upper brass 
can be moro tif^y screwed down by tho nuts of the bolts D, which are often made 
donble, ao ♦ha.e the one nut tight*"* the other in its place, and prevents it from becoming 


leonned by the ahoking of the machinery. 

Of late yean many hearings, instead of being fitted with gun-metal bushes, have 
been lined with a soft metal, in which tin is the principal ingredient. 
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section of » besriag lined vith soft mtetal; A tbe 



Fig. 221. 

has been previously bested to nearly the melting temperature ol 

the soft metalf the latter on cooling pre¬ 
sents a smooth intemaTsuriace, in wbivli 
aKnf^. ravnlvea with little friction 01' 


! 

Fig. 221 rejnresents a transverse 
east-iron cap, and 
B the base, cast 
with a hole larger 
than the shaft. 

O D soft metal 
linings, filling the 
space between the 
I surftoe of the shaft 
and that of the 
! cast-iron. The 
' shaft, or a piece 
: of iron of equal 
size, being sup¬ 
ported in the hole 
of the bearing, the 
soft metal melted 
is irauit'd into the 
space ; and if the iron 



Fig. 222. 


wear. A very good soft metal for this 
puiqiose consists of tin and lead in equal 
proportions. When it is inconvenient 
to form collars on the diaft to prevent 
longitudinal motion, rings E bored to fit 
the shaft are put on and kept in their 
places by tightening-screws pressing 
against the shaft. 

When it is not convenient to rest a 
shaft in plummcr-bloeks supported ou 
u'alls or beams, they may be made to 
revolve in hanging bearings screwed up 
to a beam above. These bearings may 
bo lined as plummor-blocks with g^- 
metal or soft metal, and the cap tightened 
down by a setting-sorow, as in d icated in 
Fig. 222. 

When it is desired to convey motion 
from one shaft to another lying parallel 
to it, each shaft has a or dnm 

attached to it, and round their oinmm- 
ferences a flexible strap or band is tightly 
strained. Thus e and/ (Fig. 223) being 


parallel dbafts at some distance apart, a pulley a is keyed on tiie one and a pnltey 3 on 
the other, the flexible strap pasnng round both. On rotary motion being given 
to the diaft a and its pulley, the ftiotion between the strap and its circumference 
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SIBECT AND BETEBSKD BOTATIOK. 



pot* the ftmer in uotion, and it conveya the zotatioB to 4 and ita abaft in the aame 
diieetioB. 

When it u dcdizcd to rereiae the diracUon of rotation, the strap ia croaaod (Fig. 224). 

Alao when a different angular ve- 


’ ' ' ' rotatiim ia dcaired, the 

ff * puUeya are made of different aiaea. 
n ^ ^ If weauppoaethatthediiTing pullfff 

U 11 U If haa a oiroumferenoe of 6 feet, and 

^ ^ the driaen pulley a bircumference of 

^- 3 feet, half the former; ainco the 

^ atrap traeela at the aame rate with 

• the cireumference of the driving 

pulley, and rntinra the cireumference of the driven pulley to move round with equal 
velocity, it is dear that the latter must make 

two revolutiona round ita axia while the _ -^■''‘''******// 

former makes one; or that the angular velocity {( u ** )/ 

of the unallcr puUey ia just double that of [\ ^ 

the larger, because ita circumference ia half Fig. S24. 

the length. If we take the eircumfcrencee in any other ratio wo diould find the 
angular velocities in the inverse ratio. As the circumferences of circles are exactly 
proportional to their diameters, the angular velocities of pulleys connected by straps 
are inversely as their diameters, or the diameter of each puUey multiplied by its 
speed gives a like product, In calculating the aikccds due to given dimensions of 
pulleys, or the dimenaiona suited fw given speeds, we have therefore the following 
simple rules:— 

Given the angular vdocity of one of two pulleys (in the number of revolu tiuns per 
minute) and the diameters of both, to find the speed of the other. 

iLtde .—^Multiply the speed of the first by its diameter, and divide by the diameter of 
tiie other. 

EmmpU.—K pulley 36 inches in diameter, making 80 revolutions per minute, drives 
a pulley 24 inches in diameter; required the speed of the latter. 

—— =120 revolutions per minute. 

Given the sn gwlar vdocitica of two pulleys and the diameter of one, to find that of 
the other. 

JtHl«.^Httltiply thespeedof thefintby itsdiameter, and divide by the qieod of the other. 
EnmpU.-~~A. pulley 24 inebea diameter, making 120 revolutions per minute, drives 
at 80 zevdutiuDS per minute: required the diameter of the latter. 

}?? X24 ^ 35 
80 

Pulleys an often combined with direct or croeaed straps, os may be required, in order to 
vary the vdocity and direction of rotation. Thus the pulley A (Fig. 226), 24inehesdia- 
metec, xevdvingatthento of lOrovdntions per minute, drives fi, 12 indies diameter, at 

AA w in 

20 revolutions, beesnse ■ ! - = 20. On the diaft of B is fixed a pulley C, 36 

12 

iniihAa revolving at the —speed with B, and driving D, 12 indies diameter, 

20 X 36 

by a crossed strap at 60 revdations, because ——= 60. Again, on the shaft of D 


n».23S. 


Fig. 224. 
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is another puUcf, 27 inehea diametor, rerolTing wiili a speed of 60, and driving F, 

9 inches dia- ^-- 

meter, at a y/^ 

speed of 180, __ / 

because _ \ 

‘^=m. f » \ / 7 ^ \ 

In estimat* loll V 

ing the final \ C / 

speed produced \ J 

by such a train \. ^\ ^ 0 -B. y 

of puller's, it is 

not necessary X^****. ^ 

thus to calcu- \ 

late the vclo- __ \ X 

city of each, as ^-'-psw ' 

" •■'■'l *« (f o / y\ \ 

same result J I \ 

by multiplying ^ 1 \ 

the initial speed I \ ^ iP yO®'*** I 

of the driver A, \ J 

by the product j. ^ J 

of the dinmc* 
tors of all tho 

drivers A, C, Figr. 225- 

and E, and dividing by the product of the diameters of those driven, B, D, and F; or 

10revols.’x24 X 36 X 27 a ev 

' - - - j 2 ^12 X 9 ~ revolutions, the speed of F. 

•Sonietimcs, when it is desirable to hare the power of varying the speed of machinetj^ 

driven by a strap, the 
I —* " pulleys ore elongated and 

a *nttde conical, and the strap 
^ amc i® shifted longitudinally to 

‘ _—_ imi!* a position as riiall 

- _ — give the speed required. 

.insafisajjl^ Thus, if aabe the driving- 

shaft, revolving 24 times 
per minute, and it he de- 
sirable that b b ahall be 
^ driven at any ep^ from 

’ __2 _minute, each pulley h^g 

^ ill' _—— -made oosiical with the 

larger end 3 times tho 
^ diametor of the smaller, 

Fig. 22C. ^ ^ gjiiftej 

from one end to the other to give the desired variation of speed. Kor is the tightness of 
the strap materially altered; for as it is made to pass round a larger circumference of the 


= 180 revolutions, the speed of F. 
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SETS OF FirULBTS. 




one, it poMM mmd a niaUor cinmiulereiieo of the other, and gains nearly aa mooh as 

it loses. Most of the machint's that are driven by 
straps do not require so nice an adjustmont of 
velocity, but act very well at various speeds within 
certain limits. In such cases the conical pulleys are 
made with regular steps, or conust each of a set of 
pulleys placed side by side, having diameters in> 
creasing as much in the one as they decrease in the 
other (Fig. 227). Thus, if the driving-shaft make 48 
revolutions per minute, the driven shaft maybe made 
to revolve at the following ____ 
different speeds; — 48 X I 

5 l| = l!)2,48x*j? = 72, JH B 1 Z3 

^ 48 X ^, = 32, and 48 X _J C ^ 

=12 revolutions per f / \ 

minute; the diameters be- / / 1 

*2, 8, and 4 inches (’'/ I 

in each. . / \ 

Ocfosinnally. a strap , 

may Ih; employed when it jj^ 

is desiriHl that the motion jf M 

shall b<» changed trans- V u>^ JJ 

versely, as indicated in ns-s-ss^ 

Fig. 228. In such a case j-jg 

Fig. 227. It jg necessary to have 

^^ory wide pulkys, a and b, because the two parts of the strap r and d must pass obliquely 
over their surftuMis. This mode of employing a strap is, however, very disadvantageous, 
for the strap must be continually slipping longitudinally along the lace of each pulley, 
mill thereby be subjected to friction and wear. 

In a manufactory where numcroTis machines are employed, it is essential to have a 
ready means of throwing any of them into action or out of action at pleasure. When the 

p. machine is driven by a strap, this npera- 

^_ i«— I _ ' I tion is conveniently effected by what 

■ ■ -Q ^ ^ are called the fa»t and loose, or the lire 

[' ■ . \ . . r , . ,,, -- gj,j| pullcys; that is to say, two 

~ C I ^ ^ __pullcys of equal size placed side by 

L3 side on the abaft, one being firmly fixed 

to the shaft by a key so as to revolve 
with it, while the other revolves freely * 

on the shaft. When it is desired to put the machine in action, the band is put on the 
fui pulley, and thus gives motion to the shaft or receives motion from it. For throwing 
flw machine out of action, the band is shifted on to the circumference of the loose pulley, 
wlddi revolves idly on the shaft. The shifting of the strap from the one pulley to Ac 
other is effected by means of Ao sfrtVWwy year, a forked Icrw/ed (Fig. 230) moving 
on a pivot c,. and holding the strap « wiAin its forked part d. By pulling round the 


(T^ 


Fig. 227. 


Fig. I'JS. 
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lumdle / of the lever, the band, being preaeed edgevays by one aide of the fork, u 
' pushed gradually on to the fast pulley a or the loose pulley b at pleasure. It vrould be 
! difficult thus to shift a tight strap when 
{ at rest; but while it is in motion, with 
I the pressure of the £irk directed on 
! it, it is gradually edged off from its 
former position. For this reason, the 
j /att and loot* pulleys should always be 
: placed on the driven shaft, because, 

' were they placed on the driving shaft, 

! the band w'hen on the loo»t pulley, 

I being at rest, could not easily bo 
shifted. 

; In order that straps, which are 
' generally mode of leather or f/ntta- 
perehOf may act well without slipping 
inclfuctivcly along the stirfaces of the 
pulleys, they should be tightly strained 
into their place. The pulleys should 
be turned true and smooth on their 
eircumft-renecs, for the smoother the pulley, the more driving friction appears to take 
place between its surfa(‘e and that of the strap. When the strap is not sufficiently 
tight, or docs not take sufficient hold of the pulley to drive the machineiy with which 
it is connected, it must be made of greater breadth, and strained more tightly. Some¬ 
times, n-hen a strap slips, powdered resin is strewn upon its inner surface with good 
effect. The greater the arc of the circumference which a strap embraces, the firmer is 

its hold, or the 
loss tendency has 
it to slip; and thd 
greater the width 
of the strap, the 
more firm is its 
hold. The diame¬ 
ter of the pulley 
docs not affect the 
slip of the strap, 
except when the 
diameter is very 
small, while the 
strap is rigid, and 
not easily bent 
closely round the 
oiroumference. 

Were straps por- 
fiaotly flexible, it 

j would be found 

that, with a given breadth and tightness, the driving power would be the aame for all 
I diameters of pulleys. 
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It k often oonToment to um ojlindriool bands or cords, made of catgut or gutta* j 
poralin, instead ci flat straps (Fig. 231). In such oases, the pulley is groored in the i 
mmnBflnonce, and the band wedges itself into the groore, and thus exerts sufficient fiio- I 
tkm on the circumference for the communication of power from one pulley to another. * 
The principal adrantage of bands of this kind is, that by means of guide piiUeys, > 
A and B, grooved in the circumference, the band may bo led in almost any direction on 
the plane of tbe pulley, or oblique to it. 

Straps are best suited for machinery driven ,at high speeds, with small pressures; 
they arc cheap, convenient, and smooth and noiseless in their action; and when any ' 
undue strain comes upon the machinery, they slip, and thus act as a safeguard against > 
damage. But for aU machinery intended to communicate heavy strains through their 
parts, as in cranes, and whenever certainty of connection between one moving part and 
another is required, as in clockwork, recourse must bo had to gearing^ or toothed 
wheels. 

Tootkod Wltoels.—Were wc to mount two wheels on parallel axes, so that their 
circttmfercnces touch each other, by causing the one to revolve we should also cause the 

other to revolve, provided the friction between their 
surfaces at the point of contact were sufficient to 
overcome such resistance as might bo prcsentetl to the 
rotation of the driven wheel. Practically, this fric¬ 
tion is not suf¬ 
ficient in ordi¬ 
nary cases, and 
^ it becomes ne- 
• eessory to fit the 

drenmlerencca with teeth or cogs, or projec¬ 
tions and receases at corresponding intervals, Fifr- 

so that each tooth of the one fits successively into each recess of the other. By this 
arrangement, the direction of rotation is reversed, os indicated by 
the arrows in Fig. 232. When it is desired that tbe direction of 
rotation be retained the same, it is twice reversed by the intro¬ 
duction of an intermediate a'heel (Fig. 2.33). Sometimes wheels 
are geared internally b (Fig. 234), where a is a portion of tlic one, 
and hb part oFthe circumference of the other. In this case, 
the direction of rotation is not reversed. 

By means of toothc^d gearing, the angular speed of rotation 
may be altered at pleasure, as will be evident from the following 
considerations. The wheel a (Fig. 232) has 4.'i teeth, and therefore 
during each revolution presents 45 sncccasivo recesses for the | 
teeth of 5, which number 22. For oveiy revolution of e, I 
therefore, b must make 2 revolutions and advance the space 
of 1 tooth, because 2 X 22 -j- 1 = 45; daring 2 revolutions . 
of «, 5 makes 4 revolutions and 2 teeth; and so on, until a has made 22 rcvslu- 
tiooi^ or caused 22 X 45 =: 990 of its teeth to pass the point of gear, in which time b 
vast have made 45 revolutions, or caused 45 X 22 = 990, the same number, to pass 
fihf pednt of gear. And so it would be found with any other number of cogs, that the 
—vdocities of the geared wheels, or the numbw of revolutions they make in a 
given time, an inversely oa the numbers of their teeth. When an intennediate wheel 
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is employed es b (Fig. 2a8)| it anly affieote direetimi of rotadoB, not the speeds of the 
extreme wheels. Thus if a (Fig. 233) hare 34 teeth, and the intermediate, have, 20 
teeth, the angular yelodty of a ia to that of£as20to34;orifwe take the speed of a 

84 

as 1, the speed of d is Again, if c hare 27 teeth, its speed is to that of i as 20 to 

20 20 34 34 

27, or it is 27^ ^ speed of 3, that ^ §7 ^ 20 ~ ^ ^ Qteed of a. But, 

did wo leaee &e intermediate wheel out of consideration, we find that were a with 34 

teeth to drive e with 27, the speed of e would 1)0^7^ that of the same result as 

before, though in the opposite direction. The same principle applies, whatever be the 
number of intennediate wheels, for the speed of the first and last will always be to one 
another inversely os their respective numbers of teeth. 

If from the centres of two geared wheels A B circles be drawn touching each other at 

apoint midway _ _ 

between the ex¬ 
treme projoe- 
tions of their 
teetb, these cir¬ 
cles arc called 
the pitch lines 
or circles of the 
teeth, and their 
circumfeiencea 

boing equally ' / 

divided, give 
the intervals 
from tooth to 
tooth in each, 
or what is tech- 





Fig. 235. 

"When we speak of n wheel of 1 inch pUeh or 


nically called the pitch of the teeth 
2 inchca pitek, wo mean that the distance measured from the centre of one tooth to 
that of the next (these centre points being taken on the pitch circle) ia 1 inch or 2 
inches, as the case may bo. In Fig. 235, the distance between any two adjoining points, 
where the dotted radii from A and B cut the pitch circles, is the yurcA of either whed, and 
these pitehcc are neoessazily equal in length in order that the wheels may gear. But as 
this distance is the interval between the central points measured in a straight line, or along 
tho chord of the arc interoepted between them, it does not acciuately correspond to 

the length of the arc. The larger the circle of which the arc is aportion, and tho smaller 
the pitch or portions into whioh the circumference is divided, the mate nearly do the 
circular are and its chord a]^roach to equality. Accordingly, in oases of nearly equal 
wheels, or whenever the pitch is small in proportion to the dimensions of either wheel, 
tho more nearly do tho numbers of teeth express the proportimHi of^e oircum&rences. 
But the cironinferenoea of oirclea being exactly proportional to tiudr diameters, the 
numbers of teeth are very nearly in the same proportion; and the angular velocities 
of geared wheels are therrfore mvcneily as the cUameters of their pitch oindes. 

When there is a train of geared wheels, so arranged that the first shall drive the 
second—the third, fixed mi the shaft of the eeoond, shaU drive timfimrth—^the fifth. 
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Used <m iSk/b llnik of fbe fourth, diAQ dri^ the sixth, sad so on,—we veadil/ find the 
angider ydoAty of anjr wheel in the train thus. 

jSirfe.~*Multiply the angular rcloeity of ^e flnt drirer, hy its ntimher of teeth or 
diameter, and by the numben of teeth or diameters of aU the driTors, and ^ride the 
result by the pr^uct of the numbers of teeth or the diameters of all the driren wheels. 

Example .—Wboel 1, 36 inches diameter with 72 teeth, making 120 revolutions jicr 
minute, drives wheel 2,12ins. diam. with 24 teeth; on ^ diaft of wheel 2, is fixed 
wheel 3, lOins. diam. with 30 teeth, driving wh^ 4, tffau. diam. With 18 teeth: 
required the speed of wheel 4. 


120 rev. X 36 im. X 10 ina 
12ins. X Oins. 


or 


120 rev. X 72 teeth X 30 teeth 

24 teeth X 18 teeth ^ 


From the general principle of mechanics, that no power can he gained or lost in any 
train of mechanism, but that only the two elements of power, pressure and velocity, 
can be interchanged, irrespcctivo of friction or other useless resistances, it follows that 
at the end of any train of wheels, the power is the same as at the beginning; but the 
velocity being different, the pressure or strain on the teeth must be different also. In 
the example wc have given, if wc 8U]>poBC that 1 horsc>puwcr has given motion to 
wheel 1, we should expect to get 1 horse*power from wlicel 4; but as the speed of 
wheel 4 is five times that of wboel 1, so the pressure excried by it at any point is ' fh 
of that exerted by wheel 1 at a point equally distant from its axis. To show that this 
is true, not only in general terms but in the particular cose, wc shall suppose 1 horse¬ 
power passing through the teeth of whed 1, ISfins. from its axis. The tee^ of wheid 2 
being in contact with those of wheel 1, reerive its full power at 6 ins. from its axis, and 
convey it through its abaft to the teefti of wheel 3, distant Sins, from its axis, and 
therefore sustaining a pressnre of f tha of the original pressure. Again, this strain being 
given to the teedi of wheel 4 at 3 ins. from its axis, is equivalent to Y^ths of !$ = ?,th of 
the original pressure estimated at 18 ins. from the axis of the last wheel. In any train 
of wheelwoik, then, we may safely diminish the oixes and strengths of the teeth as 
their voloci^ inmeascs; and, conversely, wo should increase their strengths as tlio 
velodty diminishea. 

One of the moat important matters connected with toothed wheels refers to the 
fotitts or ouflines of the teeth. It is to be desired that engineos generally should 
determine on some standard form, so that all wheels of equal pitch should work or gear 
properly together. Unfortunately this is not the case: the wheel made by one machinist 
is unsuited to fihat made by another: it often becomes necessary to make costly patterns 
of wbecds to suit some that may have been already made; these patterns, again, are not 
suited for oUier cases; and ffius a great amount of time, labour, and material is mis¬ 
applied in a matter where t little harmony among the views of machinists might do 
mudi to avoid Ibeoe evils, llmt such a mutual understanding is not impotslble, may bo 
proved by file fiiict, that in a similar ease, that of scrcw-thiieads, among which there once 
existed qnito as gnat a variety, almost all engineers now adhere to certain forms and 
Ittoportions; ao fra* the acrew which fits one nut, readily fits any other nnt of equal 
diameter, whenver th * screw or the nnt may have been mannftmturod. Perhaps the 
canse ci difference in the forms of teeth has been the want of knowledge 
aifMmg praetSeal as to what the true forms should be. Mndi has been written on 
tide antjfeeti but a great deal is of too abstruse a character to be gonendlyimderitoOd or 
appreciated; and the practical desliing informatim is diseonnged by the 



TBUE E<UUI8 OF TEEXH. 


4^1 


iliffioiilties with irhicli tho fubjeot appeaxs to be invested. We will endeavour to pcns^ 
out as simply as possible the laws which should govern the fonns of teeth, and to lay 
down a few ^y ndcs for delineating and ezccutlDg them. 

If we suppose Aand B (Fig. 236) 
to be the Immsos or oentral ports of 
two wheels having straight teeth 
tir flat blades C and I> projecting 
from them respectively. Ontracing 
Hovcral positions of these, such as 
(\ Cj and Di Dj, wo observe that 
there must be considerable inc- 
cjuolitics in their relative move¬ 
ments; or if C| and C. make equal 
angles with tho line of centres 
A B, D| and D^do not make equal 
angles with the same line. Again 
we observe that the points of each 
tooth must rub along the flat sur- 
I'iiec of the other in the course of 



Fig. 23C. 


the motion; and were tliis form of tooth practically carried out, tho cutting and wear 

would be considerable. But ii^ 
'v/'* as in Fig. 237, tho wheel B have 

a tooth D of some curved outline, 
/ ^ wo may perhaps And some par¬ 

ticular curve for the &ce of tooth 
C, such that an equable move¬ 
ment of the one wheel shall pro¬ 
duce an oq\iable movement of the 
other, and that the surfaces of the 
two teeth shall rather roll along 
each other than rub with a push¬ 
ing or sliding movement. Now, 
although it may be generally pos¬ 
sible to find a proper form for G, 
whatever be tho form of D, yet it is desirable for many reasons that both these curves 
•should be traced according to some fixed tj’pc, which shall be constant, whatev^w the 
dimensions of the wheels or their numbers of teeth. If we examine somewhat dosely 
the relative motions of two toothed wheels, we may perhaps discover an approioiate 
form for their teeth. 



Fig. 2s;. 


If A B (Fig. 238) represent a strap passing round the circumferences of two equal 
pulleys, and therefore touching both, and if through C, the middle point between thdr 
centres, two circular arcs be described, these may represent the pitehebeles of two equal 
toothed wheda, whose rdatiye rotation should be prodaely the same fl|om the gearing 
as it is from the motion of the atrap, unwinding from the one pulley and winding on to 
the other. But farther, if we continue the lines A B and 1) £, ficom some other 
point F in DE describe a circle touching AB in G, and another omde (ddted) 
through the point C;—since FG bean the same ratio to.G£asFGto£B,it appean 
that the rotation of the large wheel, if geared with the other at 0, diould be preciady 
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tlw Bune ts if it irere cauaed by the atrap grinding on to its pulley, of which F G ia tho 

^ radiua. IfweaaaniDo 

/ tho angular Tolocity 

/ / of the pulley D to bo 

uniform, the reoti- 
Itneal Yelodty of tho 
atnp A B G muat 
alao be uuiform, and 
rr-F likewiae tho angu> 
lor Telocitios of tho 
whcola £ and F. 
VliTiatoror, then, bo 
the rolativo aiaesof 
the geared wbocla, 
the rectilineal motion 
of tho strap with re¬ 
lation to the rotan- 
motion of any on*' 

of them ia always constant; and if fh>m this relation wc can trace out a form of tooth, 
that form will apply in all 

cases, whatercr be the diameters , " 

of tho wheels that are geared 

together. 

In order to avoid complexity, 
let us first take one wheel, suppos¬ 
ing it a circular disc of paper, of 
which H M K (Fig. 239) is a 
portion of the circumference, and 
let us suppose that the strap A B 
has a pencil projecting from it 
at some point P, ao that as the disc 
rotates while the strap travels, 
the pencil shall trace on the disc 
a line L P M, compounded of 
these two motions. If, now, we 
take tho other wheel (marked by 
the dotted lines), and suppose its 
d»c extended to R Q overlapping 
the former, tho same pencU would trace a corresponding line N P Q on it. Xow, ns 
the curvea thus produced arc traced by tho same point in the band, and under precisely 
ainfilar conditiona of uniform rotation, wc might cut tho paper discs to their outlines, 
*'and Tnalrtng them rotate in contact, wc should obtain that uniform relative motion 
whidi is required. • The mathematical name of each of the curves so described is tho 
ittrotuie tf th» bceauso it is produced by the point of a thread wound on to 

a circle^ or wound off from a circle. Tho nature of tho curve may be best 
understood by reference to Fig, 240. 

If a be the centre of a eirolo or plan of a roller, on which is wound a thread havbg 
its end at e, a pencil or tracing-point bdngfiatcd at the end of the thread will trace 
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tbo involute I, w the thread ia unbound; or 6 ; being the unwound thread, its 
]toint will trace 
the involute as 
it is wound on 
the circle. If 
we divide the 
circumference 
into any num¬ 
ber of equal 
parts 

&o., and Crum 
these points 
draw tangents 
or lines touch¬ 
ing the circle^ 
ut right angles 
to the radii ad^ 
aCf <?/*, &c., re- 
spectivcly,mak- 
ing the lengths 
of the tangents 
equal to the 
lengths of cir- Fig. 240. 

cumfcrcnce measured round from r, the curve joining the extremities of the tangents is 
tlie involute—^the proper outline fur the teeth of wheels, as we have just described. In 
applying this theory to the practical formation of teeth, we do not find it necessary to 
describe the actual involute form, because the poilion of the curve that belongs to any 
tooth is so small that wo can draw a circular curve so near to the involute as to cause 
no material error in working. Thus if C (Fig. 241) be the centre of the wheel, and 
A, B the centres of two adjoining teeth on the pitch circle, small circles being described 
s'ound those oentres to fix the breadth of each tooth'D £ and F G, and H M N being 
part of the generating circle of the involutes, the portion H K of any involute H K L 
Tcry nearly corresponds with a circular arc of which M is the ceutre, and the radius 
D M is a tangent to the generating circle II M N at M. In practice, therefore, it is 
only necessary to determine the circle H M N, and the length of the radius D M, for 
describing tho curved sides of tho teeth. From what has preceded, it is clear that we 
may take any convenient generating circle H M N, but that whatever be the one we 
may aclect for any one wheel, that for any other wheel gearing with the former must 
bo proportional to it. It is found practically convenient to make tho radius D M with 
which the udo of the tooth is described ^th of the pitch radius C A, and the generating 
•circle or locus of centres H M N should be desoribed withiu the pitch circle, the in¬ 
terval between them A P being ith of D M, or ^nd of C A. If this rule be adhered 
to, oU wheels of equal pitch will gear with one another, whatever be their dia¬ 
meters. In drawing or setting out teeth, then, the following prooem will be found 
convenient'*.— 

lot From the eentre C, with radius C .A, deseribe the pitch circle and divide it by 
the oompaases into equal parts A B, each equal to the giv^ pitidu The pitch radius 
may be determined by the .following rule :■—* 
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Mi^tipl]rtiiexramber of teeth by 7 timet their dietoacdtpftrt, or pitch, end diyide by 44. 

Zxampk .—^Eequired the pitch Ttdiiu of a wheel haring 28 teeth of } inch pitebu 

^ 7 ~ 3*341 inchet the piteh radiut. 

44 

Note. —^When the number of teeth is small and their pitch considerable, the pitch 
radius must be a little increased, as will be found necessary on trying the dirisiott of 
the circumference. 

2nd. Round the centres A, B describo circles, each of diameter somewhat lees than 
half the pitch: todetermine the breadth of the teeth. The reason for making the breadth 
of teeth less than half the pitch, is to give 
a little room or clearance in the spacea 'y ^ \ 
between them, so that in the erent of idight 
irrcgularitips occurring in the workman¬ 
ship, the teeth of two wheels may not 
become bound or locked into each other. 

When the teeth arc cut by mnebinery to 
their exact form, this clearance is not ncccs- 

sary; but .. “ 

when they _' 

are merely ^irT.'”. _ 

cast and 

not shaped afterwards, there should bo an 
allowance of about 3 \,nd of an inch for 
each indi of pit^—that is to say, if A B 
be 1 inch, D E should bo | an inch, want¬ 
ing And of an inch, or j^nds of an inch, 
while £ F is I of an inch and And of an 
inch, or i|nds of an inch. 'Were A B 
2 inches^ then D£ would be iSths of on 
incl^ and E F Hiths of on inch, and so on 
in like p roportion. 

3rd. Take A Q = |th of A C, and 
A F = |th of A Q, and from the centre C 
dceeribe tfarongh P a circle of centres H M N. 

4th. From the points D, £, F, O, with radius A Q in the compass, mark off the 
ptdnts R, S, T, IT on the circle II M N, and from these points as centres, with the same 
mdhur A Q, denoribe the curred sides of the teeth as V H D K. 

dth. It now only remains to determine the tops of the teeth and the bottoms of the 
spaoss between thm. The spaces should have somewhat greater depth below tho 
]»tch <drde than die height of the teeth beyond it to allow tho teeth to clear; and it is 
cooTenloiit botib tat jpidng strength of form to the teeth and for providing this dearanco 
of the tootih, eepedally in cose of dirt getting between tho gearing, to make the bottom 
Of the spaces sani-eirieuhur. It will be found convenient to make AW, the height of the 
pdbitof the tooth above the piteh circle, half the space E F between two teeth, aOd AK 
tho depth of the epace below greater than A Why jfth of an inch for every inch of piteh; 
ihA dndeo deaetibed through ^ ^ dotormine the t<q>eof teeth sndbottbms of spaces. 

lirllie case of internal geailng (as repreaented in F!|^. 242), the fonh of taeth may 
1m devdeped on principleeatmilar to thoaeww i|kTe adopted Ito exttenat gearing. If 
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Tig. 242. 

by tbo friction of their ciroiunf«rences at B. And D E, the common tangent of the two 
pulloye, which when prolonged must always pass through B, may be supposed to have 
a pencil fixed to its prolonged part, tracing on the planes of the xevolring wheel and 
pinion the outline of thet^xeiveetiee teeth, which would maniioeUy he involutes of the 
generating circles D and^ ^. 
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Tlw iiM^inatiott of D B being the Mine w tbsfc ndi^teA fbr extental genring, the 
the piaioa would eridentljr be the enme, but the te^ of the wheel would be 
ft fonn, not to the teeth of on externally geoiod wheel, buttothoepaoes between 
L bring the centre of the wheel, L H = finds of the pttoh ndina, snd H K = ^ 
tch rs^ua, the aide of s tooth at K is part of a oircle deaeribed with radius 
rhe tops of the teeth in this caae project wUkin the pitch oircle as £u- m in 
gearing they project hf^ond it, and the bottoms of the spaces may be made 
jttlar, and of dep^ similar to that determined fm* estenial gearing. 

The gearing we hare hitherto described ap^cs only ut the case of wheels revolving 
in one plane or <m parallel axes. 

When the axes arc not parallel, it is necessary to employ AmfysoTH^. Let A Bond 
A C (Fig. %43) be the two axM meetiug in A, and D £ a^ £ F the proper diamctors 
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of tbs wheels to give the nquirsd speed; if we snpposs the eones DAE, FA£ to 
roU upon one another touriiing along the line A £, then the^wriooities of their touch- 
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ing forfiicos will be equal at any point, endi aa M, aloiq; tbe cone, becauae L M and 
K U, the radii of rotation at that pmnt, bear the aame proportion to each other aa G E 
and H £ the radii at any other point £, and thereforo the circunifercnoea at these points 
are in like proportion. Taking a portion of each none (that shaded), if wo conceive 
their meeting lurfaees at H £ to have sufficient firiotioa, by canting one to rotate round 
its azia we should also cause the other to rotate. But as practically the friction is not 
sufficient, it is necessary to cut the surfaces of the cones into teeth and spaces, as in 
plain gearing. It is evident that these teeth must tape towards A, both in width and in 
height. If a line C £ B be perpendicular to A £, and N and P the tops of the teeth at 
£, the converging lines A N and A P will define the tops of the teeth along their whole 
extent. And again, if Q R be the breadth of atooth atH, the convergii^ lines A Q and 
A R will define the tapering breadth. The lino P N is part of the boundary of conical 
surfaces, of which C is the apex for the one wheel, and B the apex ibr the other; and 
if from the centres C and B the circles £ S and £ T be describ^ they will represent 
the outlines of the developed surfhoes of the cones F C £, D B £ respectivedy, and 
lM>comc the piUh circles on which the outlines of the teeth at £ may be des^bed. 
Were wo to cut these teeth in paper, and then wrap them round the cones F C £ and 
D B £, we should have them interlacing and gearing into each other at £. Prooee^Ung 
in the same manner at the point M, by drawing U V through M perpendicular to A £, 
and describing from centres C and B the pitch circles W and X, with radii respectively 
equal to V M and U M, we get the development of the teeth at M, which are precuely 
similar to thiMS) at £, but on a smaller scale, their outlines being defined by the radii 
converging from those in S and T towards G and B, the centres of development. 

Bovil gearing applies when the motion is to be conveyed at any rote of speed from 
one axis to another, as in Fig. 244, where a a is the large bevil ushed, and h b the smaller 
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; 










Bit. 244. 


Bg. £45. 


one, or the bevil pinion; or the motion may be communicated at any other angle, and 
in various directions, by combinations of bevil wheels and pinions, as in Fig. 245, 
where the pinion a drives the whedl h b mounted oUiquely to it; and the pinion^ fixed 
un the shaft of b 5, drives the wheel ddnt some other angle with it. 

When the wheels are equal, and their axes at right angles to one anothm*, as in 
Fig. 246, the wheels are technically called tnitro icAatit. 

The general law as to velocities of rotation and pressure conveyed through bevil 
gearing is precisely the same as in the case of plain gearing. 

Oearing is sometimes used to convert a rotary into a rectilineal motion, by tho use 
of a rack and pinion. 
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The piikioa# (Fif. 247) hu teeth vMch 



Fi«. 246. 

▼bed B F makes a constant ao{;lc F B C vi 


it befcvemi the teeth of two neks 4 onU 
e; and hf giving «noiproeatiagTotaiy 
motion tound its osntm, tlwas two racks 
ate put in xeoiprooatiag xeotslineal mo* 
tion. 

The proper form for the teeth of a 
radi; so 08 to gear with those of pinions 
fonnud as we have described, may be 
ascertained thus (Fig. 248 ): —In de¬ 
scribing the teeth of a wheel, the radius 
G F of the generating drolo 
bears a certain proportion ^ 

to CB the pitch radius; or, •. 

as we have token it, C F is f n ^ 
HndsofCB. Again, FB, 
tho radius of the ride of U ^ > 

the tooth, is Jihof C B, or ^ c! ' 

beats also a constant ratio 'J 

toCB. Hence, for every Fig. 24*. 

A C. Applying this to a rack N U, tlie ' 
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bj dokisd Hbm H H on the plan of the lerow O; and, ineteod of moving tiio seraw 
longi tnd i B a Hy like a rack, are may canae it to rotate round its aais, and rrhile ve pre¬ 
vent its longitudinal motion, the teeth of the wheel will be caused to move onwards by 
the incl ine d action of the screw-thread. As no part of tho screw-thread is a straight 
lin^ the tooth of the wheel U11 ought theoietiadly to be curved; but when the 




ter of the screw is large in proportion to its pitr-h, 
the portions of the thread with which the teeth are 
in eontaet approach very nearly to straight lines, 
and the obUque sides of the teeth may therefore, 
without much piaetiesl error, be made straight. 

Their proper obliquity may be found thusLet I 
be a cylinder of the some diameter with the screw, 
on which is wound a triangular piece of paper, so 
that its edge shall form the outiine of the screw, as 350 , 

Ifat any of ita convolutions K, instead of conttnuing 

to wind the paper on the cylinder, we etretefa it out straight as KM L, if KL be^halfthe 
pildi of the screw, or Lhslf-way between K and tho point where die next convolution sftbr 
that sA K would cross the aide, then L M must be equal to half the cuncumferenoe of 
the eyUnder (about 3f times its radius), in ordtir that tiw point M may be brought round 
to L when tho paper is wound on to the cylinder. By ta lcing K L half the pitch of the 
screw said LVhslf its ciraumforanoe, and joiiiiiig KM, we get aline at the proper 
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obliquity to the axis to suit the thread of the mcww. By taking a cylinder equal to tho 
inner part of the screw, or of diameter equal to that of the screw at the bottom of Ua thread, 
and proceeding in a similar way (aa indicated by the dotted lines), we get the line E N 
of tho proper obliquity to suit the bottom of the thread. Now, as the tope or points of 
the teeth of the wheel gear with the bottoms or hollows of the screw-threes, while the 
bottoms of the teeth gear with the tops of tho screw-threads, we should make the tops 
of the teeth less inclined to the piano of the wheel than their bottoms, and we shoidd 
gradually increase the obliquity from the tops of the teeth downwards. It would ho 
very difficult to effect this in practice; and, indeed, even if it could be done with ease, 
it would bo positively disadvantageous, because some of tiie teeth are always coining 
into such a position with respect to tho thread os that marked Q, where the top of the 
tooth is iu contact with the top of the thread. Practically, then, it is best to make the 
obliquity of the teeth like K P a mean between those due to the upper and the lower 
parts of the screw-thread. In other words, tracing a pitch-line B B for the screw 
touching tho pitch circle of tho wheel, and then developing tho obliquity K P due to the 
diameter of the screw measured to that pitch-line, wo get an average inclination for the 
,lccth, somewhat in error at points above and below the pitch-line, but correct where ihc 
principal contact and communication of power takes place. The greater the diameter of 
the screw, and tho smaller its pitch, the greater is the inclination of tho thread to its 
axis, and the less is the error of obliquity in the contact of tho teeth and screw-thread 
abovu and below the pitch-line. Therefore, when the screw by rotating drives the 
wheel, the screw should be made os large in diameter as is consistent with convenience, 
and the ]ntch of the thread and teeth should bo as small ns is consistent with the neccs- 
s;iry strength. But when it is intended that the rotation of the wheel shall cause the 
screw to rotate, th^ diameter of the screw should bo made as small and its pitch as great 
as possible, so thartbc thread and the teeth may have small obliquity to tho axis of the 
screw. In either case tho screw-thread may be considered as a continuous inclinetl 
plane presented to tho teeth of the wheel, and the effect of greater or less obliquity bc- 




Fig. 251. 

comes very evident. In the first cose, where tho screw drives the wheel, A B bmng the 
axis of the screw, K L, part of its inclined surface, travelling in the direction of the 
arrow O, has to move the tooth of the wheel in the direotion of the arrow D j the greater 
tho inclination of K L to the axis, or tho more nearly it approaches to a perpendicular 
to it, the better its effirct to move tho tooth, or the less is the lateral stnin it produces 
on the tooth. In the second case, where a tooth moving in the direction of the arrow G, 
and prcsnng against the inclined side (ff the screw-thread M N, causes it to truTcl in the 
direction of the arrow H, tho leas* the inclination of M N to the axis E F, or tho more 
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naa^y ilfr appawMlkM to ooinouknce with it, the better ie the eotioa of the tooth to giro it 
lataaiflMOitioB, or the leas is the longitadiaal strain in the diteotioa of the 

iUthongh oontmuoiis rotary movements are the moat convenient for communicating 
power from one point to another, yet there are many operati<m8 to which machinery is 
adapted demandiag motions of another character. Ilieee are chiefly of a reciprocating 
kind; and, whether the reciprocating movement takes plsoe in a straight line we about a 
oenlie or axis, it becomes important to inqtture into the modes by which oontinuoiis rotary 
motion rosy be converted into them or tho convene. SoiMtimes it is desirable that 
these reciprocating movements should be continuous, aomeUmes that there should be 
intervals of rest between them, sometimes that they should be equal in velocity, some* 
times that the time ocenpied. by them should vary, according to the special character of 
the work to bo done, and the intensity of the foroc transmitted. To describe all the 
known modes of effecting theee objects would ho to compile a list of almost all tho mo* 
chanical inventions ever made, and, were it possible, would denuind space for beyond 


the limits of 
aynliaelike 

tion to some * ^ / 

of the modes y* 

of converting ^' 

motion most 
generally ap- 

pli gd in machinery. The arrangement best adapted to 
any particular case, or the special modification of action 
that nmy be most suitable, arc matters that must be left to 
the ingenuity of the designer. 

The most simple arrangement for converting continuous 
rotary motion into reciprocating motion is the crank or 
eccentric, whidi we have already described in connection 
with the steam-engine. It is generally convenient to 
obtain the reciprocating movement in the arc of a circle 
'instead of in a straight line. .For instance, tho revolving 
crank A (Fig. 252) connected by a rod B with the arm C 
of a lever mounted on an axis or spindle D, causes it to 
vibrate in the arc of a circle round the centro D; another 


ci-m 
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lever E, fixed at any part of the spindle D, can thus be put 

in reciprocating mo tfon through equal angles, and communicate through a con¬ 
necting-rad F reosprocadaig motion to some other body «t G. When tho arms 
C and E ore in one they tom. a beU-eronk lever, and are generally con- 
naeted by the rib H forlhe agke of strength. The dotted linee on the flgpira mark 
tha eentre lines of the levan ai the extreme points of their excursions. The fint 
lever G in its eentral posataon is at rightang^es to a line drawn thrang^ the eentre 
,>f .'the Vnank biseetuig the vibntkm of the lever, or cutting the arc jn which the 
pin of the lever vibrates in such a mannesthat ite deviations from the straight line at its 
middlo and oxtrane points sre eqnal. So also the line in which tho point G is required 
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to reoiprooBte, vben prolonged biaecte the Tibratkm ofHthe um E. By this imnge> 
ment the deviaticm of the pins moving in oircular arcs from rectilineal motion ia ren¬ 
dered oa small aa possible, and lateral strain from obliquity of connecting-roda is propor¬ 
tionally reduced. By varying die lengtha of the arma G and E, the amount of vibration 
may be varied at pleaaure; for wldle the anglca in which they vibrate remain equal, the 
len^ha of ciroulu arcs in which their pins vibrate are proporttonal to the lengtha of 
their radii. 

By proper arrangements of cranks, levers, and connecUng-rOda, in respect of lengths 
and relative positions, it is generally possible to convert a given rotary or reciprocating 
movement into one of greater or less extent, in a different plane orftection. When the 
reciprocating movement of a lever is applied to produce the rotary motion of a crank, it 
is necessary either to fit the spindle of the latter with a heavy fly-wheel to bring the 
crank over its dead-eentres, or to adopt some other combination of cranka as in the dupli¬ 
cate marine or locomotive engines, so diat while one is on the dead-emtre the other ia 
receiving motion from its connecting-rod. The crank or eccentric ean give reciprooating 
movcm''nt to a lover only in such a manner that for each revolution of the crank the 
Inver makes one complete double stroke, or an cxcuruon from one extreme of its vibra¬ 
tion to the other and back, flomotimes it ia desirable that each revolution of the rotating 
shaft shall cause a number of reciprocating movements of a lever or rod connected with 
it. There arc several methods of effecting this object. For moving a stamper b (Fig. 
253) so as to crush or pulverize materials subjected to it, a wheel 
a is fitted with several curved orms or wipers, which, as thd 
wheel revolves, come successively in contact with a pin or projec- 
tion f on the stamper, lift it, and let it drop. If tho wheel have 
six arms, the stamper makes six strokes daring each rcvolntion. 

Such an apparatus is frequently applied in cases where repeated 
strokes nf falling heavy bodies are required for special operations, 
us fitr tilt-hammers used in iron manufacture, sccd-crushers, full¬ 
ing-mills, and washing-machines. For tighter work, such os the 
movement of pendulums or balance-wheels of timc-keepcrs, there 
arc numerous ingenious arrangements of escapement-wheels hav¬ 
ing their circumferences out into teeth of suitable form capable of 
acting on tho pallets presented to them with the regularity and precision required. 

Sometimes it is desirable to convert continuous rotary movement into one that shall 
proceed by fits and starts. A crank or eccentric A (Fig. 254) on the continuously rotating 
shaft connected by a rod B wuth a lever C, causes it to vibrate once during ea^ tevolu<* 
tion of tho crank round a spindle D on which is mounted a nrfcAet-whoel E, having teeth 
liki. those of a saw. Tho lever C is fitted with a pall F hanging freely from a pin, lad 
formed so as ^ drop into tho space between the ratchet teeth. One half-revolnthm of 
the crank A eausra the pall to move over one or more teeth without putting them ia 
motion, as it onn slide freely along tiieir inclined sides; hnt the other half-revolution 
bringing book the lever and pall which bears against the abrupt ftce of a tooth, causes 
the ratchet-wheel to rotate through the same arc with tlm point of the pall. In many 
cases where this arrangement of ratehot and pill is ajqilied, it is necessary to vary the 
amount of movement of the ratchet-wheel at each stroke. This is efiboted either by 
varying tho throw' of the crank A, or the p<mtion of tho conneotingp-Md pin on the lever 
C, so as to make the back stroke of the pall pass over two or more teeth, as may be 
required. In maehines for boring, taming, planing, and riiaping metals, in machinery 
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locnmae Am kaxobobt wheels. 
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or Mwiiif tuAwr sad'nieh like oper»t>«ia» tiltie unagesaeiit ie applied for moving the 

matenal operated on, 
ao aa to preemii a now 
porUon to the action 
of the tool or aaw at 
each stroke. 

In doseribing the 
methods of regulating 
the flow of atcam in 

_engines, wo alluded to 

the cam as an appa* 
ratus by which the continuous rotation of 
a abaft is made to lift a valve, sustain it for 
a certain period, and then let it drop. Cams 
arc also applicable to many other mechani¬ 
cal movements of a similar character; and 
aa their forms may bo varied indefinitely, so 
almost any recurring movement can be ef- 
ibetod by their use. As an example of what 
may be effected by a cam, let us supposi* 
that, having a rotating shaft, we desire it 
during |tb of a revolution to raise a weight 
1 inch, during j^th to retain it at that 
height, during the next ^th to nuse it I 
inch more, to retain it there during {th, 
during the next |'th to drop it the two inches through which it had been raised, 
and during the remaining |th to retain it at its lowest position until it is again 
raised. 



Let A (Fig. 2fifi) be the shaft revolving in the direction of the arrow, and let three 
circles be des^bed round its centre, the inner circle being of any convenient radius, 
md the others having radii respectively 1 inch and 2 inches greater. Ijct the circles 
he divided into eight equal segments, and let il be a roller connected with the weight 
to bo lifted, bearing on the inner circle at B. From B to C, ^th of a revolution, let 
tile circumferanee be part of a spiral curve tomdiing the inner circle B and tlie middle 
circle at C; from C to D, ^th of a revolution, let it follow the middle circle; from D 
to £, of a rsvedntion, lot it be another spiral curve touching the middle circle at D 
and the outer at £; from £ to F, ^th of a revolution, let it follow the outer circle; 
ftom F to G, of a rcvdiution, let it again be a spiral touching the outer and 
inner circlea; and from G to B, the remaining |th of a revolution, let it follow 
the dn^. It is obvious that oa the shaft rotates and hriogs the different portions 
of the cam’s oixoumfnenoe sooeessivoly under the roller, the centre of which we suppose 
to be capable of vertical movement only, it sneoeasively lifts it one iuch, retains it, lifts 
"it " gam one inch, retains it, and pennits it to drop, and remain down according to the 
the problem. The principal point to bo attmided to in the canstruction of 
a M"* is, the qiirol portions Irading ftW the one part of the circumferenoe to the 
■paw*, he not too alnupt, and that they he earefuUy graduated from the <mo curvature to 
the otiier, ao ti*** the roller be not sulijeetsd to sudden jerks, but bo made torise from or 
fall towards the centre as gently and easfly as possible. When the rotation of the cam 
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is rapid, tlus is of the greatest importance; the mnoimt of eccentric moTemeot given to 
the roller should be as small as possible; or it should be spread over as large a part of 
the circumference as possible, so that the in¬ 
clination of the revolving slope may be gentle. 

In some kinds of printing machinery a pecu¬ 
liar form of screv is applied for the conversion 
of a continuous rotation into a reciprocating 
rcctiliuciil motion. 

A cylinder A (Fig. 256) rotating in bearings 
B B bus a double groove of a screw form cut 
ill its surface, in which a pin c, projecting down- 
wanls from the table of the printing machine, 
is free to slide. The table being guided to slide 
backwards and forwards in a straight line, 
is caused to move by the revolution of the cylin- 

e 


dcr presenting always the inclined face of 
its screw-groove to the pin. The screw is 
double, of opposite direction, with a por¬ 
tion at each end not oblique to the axis 
of the cylinder. One half-revolution of 
the cylinder causes the pin to travel through¬ 
out the length of its screw, another half-revolution retains it at the end of its 
stroke, the next half-revolution carries it back to the opposite end, the next retains it, 
and so on successively to suit the alter¬ 
nate rest and motion of tlie piinting- 
tabio to the successive impressions and 
inti'rvals between them. 

Ra< ks and partly-geared pinions aro 
sometimes used for a similar purpose, 
thus:—A double rack a a (Fig. 257) 
guided at the ends 5 and c to move only 
longitudinally, is acted on by a partly-geared pinion e continuously rotating. When the 
t<»eth of the pinion gear with those of the upper limb of the rack, it is caused to move 
from b towards r, until tho pinion having left that limb enters into gear with the other, 
giving it the contrary movement, and so on succesuvdy. 

Fig. 258 represents an arrangement of a similar character, applied to produce 
alternating rotary motion. A pinion e contmuoudy rotates on an axis fitted with 
a universd-joint, sudi as may permit the pinion to gear either with the exterior 
or interior .cogs of the double circular rack h fixed on the face of a drum or pulley 
a, and thus to give it rotary motion round its centre a in directions alternately 
opposite. 

On referring to our remarks respecting the oommunication of motion by pulleys and 
straps, it will be seen that while a pulley driven from another by a direct strap revolves 


a 
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in the sune direction, one driven by a crosacd strap revolves in tho opposite direction. 

This principle is frequently applied in machinery 



y 

Fig. SM. 


vrhero it is desired to reverse the direction of 
motion. Two pairs of fost and loose pulleys 
being arranged on a shaft, so that one pair may 
be connected by a direct and the other pair by 
a crossed strap, with pulleys on the prime 
mover; when the direct strap is on its fast 
pulley, while the crossed strap is on its lof>se 
pulley, the machine is driven in the direction 
of the primc>morcr; but when the direct strap 
is thrown on its loose pulley, while the crossed 
strap is brought on its fust pulley, the contrary 
motion is produced. In apparatus where on 
arrangement of this kind is applied, ns in ma¬ 
chines for planing iron, tlic movement of tlie 


table of the machine to each extreme of its stroke is made to shift the straps by very- 


simple mechanism, which is capable of being adjusted so as to vary tho amount of 


stroke at pleasure. 

Fig. 259 represents another method of reversing rotary motion frequently em¬ 
ployed : a and b are two bevil pinions rcvulring loosely 


on a shaft dr, and gearing with a bevil wheel r. Between 
the pinions is fitted a clutch, sliding on but revolving 
with the shaft de. The pinions being geared into oppo¬ 
site sides of the wheel, rotate in opposite directions; and 
as the clutch is thrown iirio gear with the one or tin* 
other, the shaft dc is caused to rotate in the one direction 
or the other accordingly. Instead of a toothed clutch, 
conical friction clutch is occasionally employed with good 



lig. 259. 


effect, becau se , in tho first place, a very slight movemf-ut of the lever pressing tb« 



Fig. 2G0. 


cone into its seat on either side is sufficient to couple the shaft with cither wheel, and, 
in the next place, the shaft being driven solely by the friction of the conical surfaces, 




IlETEBSINO BT TOOTITED GEABING. 


467 


cannot be subjected to any strain exceeding tbo friction in amount, the cones slipping 
when subjected to extreme strain. 

Fig. 260 indicates a mode of reversing the direction of rotation by means of toothed 
gearing. A being a toothed wheel on the driving shaft, and B one on the shaft to which 
it is required to convey motion in either direction, C, D and E are intermediate pinions 
mounted on a frame capable of vibrating on A as an axis. When C is geared with 
A and B, as in I., both revolve in the same direction; but when C is thrown out of gear 
with B, and £ brought into gear with it as in II., the direction of its rotation is reversed, 
ns indicated by the arrows. By some such arrangements, or modifications of them, suited 
to the circumstances of any particular case, the direction of rotation may be readily varied. 

It is ofien r(>quired to change a rectilineal motion having a certain velocity to one 
haring onutluT velocity, particularly in machinery for cutting screws. A screw, as we 
have dready described, is a line traced on the surface of a cylinder by the motion of a 
]>riint moving longitudinally along the cylinder parallel to its axis. The pitch of the 
st'row is the distance through which the tracing point moves longitudinally while the 
i-ylinder makes one re%’olution, and in practice it is necessary to form screws of numerous 
different pitches according to their dimensions and the circumstances under which they 
are to Ik' used. The pitch of a screw is generally named according to the number of 
turns or convolutions which the screw makes in a certain length of the cylinder. Thus, 
when a screw has 8 turns to the inch, w'c say that it has a pitch of ^th of an inch— 
that is, during one revolution of the cylinder on which the screw is formed, the tracing 
]ioint adv.iiK cs longitudinally &th of an inch, or while the tracing point advances 1 inch 
the cylinder revolves 8 times. 

A (Fig. 261) is a cylinder revolving in hearings at each end, with a toothed wheel 
B fixed at one end, and D a screw mounted in hearings parallel to the cylindct, and 


carrj’ing a nut F 
with a tracing f 

point G projecting ^ 
fiom it to meet the * 111 * 
mi faee of the cy- ^ 

hiuler, the screw 
having a toothed 
wheel E gearing ^ 
into an intonne- * ^ 

diate wheel C, Pig, 2C1. 

which ako gears 

into B. On causing the cylinder A to revolve, the screw D is also caused to 
• ' volve, the nut F and tracer C arc made to move longitudinally parallel to the 
axis of A, and the screw-curve traced on A is that duo to the velocity with which A 
revolves as compared to the speed with which G advances. By altering the proportions 
or numbers of teeth in the wheels B and £, the rdativo velocities of the cylinder and 


Fig. 2C1. 


screw may he changed at pleasure, and the pitch of the screw traced on A from a screw 
1) of constant pitch may be proportionally varied. In lathes or machines for cutting 
screws, tha cylinder A is the piece of metal on which the screw is to bo cut, its axis is 
what is technically called the mandril of the lathe, and the tracing-point G is a steel 
tool cutting into the metal so as to leave the screw-thread projecting. The screw D has 
generally a pitch which is some simple fraction of an inch, such as ^ or |rd of on inch, 
and the lathe is furnished with numerous tooUicd wheels which moy be put in the 
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place of B and £ to vary the pitch of the out>Mrew at may be required. If wo take Uio 
case of a lathe haring a ecrew D of | an inch pitchy or making 2 turns per inch, when 
the wheels B and £ have equal numbers of teeth, whatcrer bo the size of the inter¬ 
mediate wheel C, the screw D rerulres with the same angular velocity and in the same 
direction with the work A. The tool G therefore adranocs | an inch along tlie surfac 
of A during each revedution of A, and cuts a screw of precisely the same pitch and lying 
in the same direction with that on the a^rrew D. Ijut if in place of tu'o equal whecN 
B and £ we put wheels, B haring 20 teeth and £ having 40, then the st rew I> w’ill be 
caused to rcrulvo at ^Sths, or ^ the speed of A, and the tool will advance | of t an inch, 
or ^th of an inch, during each revolution of A, and thus to rut a thread of tth of an inch 
pitch upon it. Sen^w-eutting latltes an> generally furnished with a table of screw 
pitches, and the appropriate wheels for producing them, such that the workman by 
inspecting the table can at once select the prnjier wlu'cds fur giving the desired pitch. 
Ilic wheels belonging to the lathe have their numbers of teeth stampi'J upon them to 
save the trouble of counting them. Sometimes, when the dilTcn nee of the sp<‘ed of tin- 
screw and of the work is required to bo considerable, instead of the sint]>Ie iiitermediati 
wheel C, it is necessary to iutroduco a whc?cl and pinion C and c fixed tog< ther. Thus 
if it were required that the screw ^ould revolve at ^K'th of tlie velocity nf the inundril, 
were the smallest possible wheel B to have 20 teeth, it would be necessary that should 
hare 500 teeth, bc‘cause = .^ith, were the simple intermediate w'heel C employed. 
This size of wheel for £ might be extremely inconvetnent, and it would be bitter t> 
employ the compound intermediate wheel and pinion C and r. In this aiTtingt meiit IJ 

■>0 v 20 

having 20 teeth, C 100, c 20, and E 100, the speed of E is ^ = i^ith fd‘ 

that of B. In the lathe tabic the first column gives the pitch of the screw to he cut, 
the second gives the number of teeth on the mandril wheel B, the thinl and fiuirth give 
the numbers of teeth in the intermediate wheels C and r respectively, and the fifth give 
the number on the screw-wheel £. When the compound inU-rmediate wheels ore iujS 
required, the columns of intermediates ore left blank, as any simple irttermediate may he 
employed without altering the relative velocities of the mandril and screw-wheels. The 
following is part of a tabic for a lathe having a screw of ^ inch pitch -.i— 

TAm.E OF HCHEW GEAUING I'UR 1..VTI1K. 


IHtch : 

Turns per inch. 

i Teeth in Man¬ 
dril Wheel. 

Teeth in Intermediate Wheel 
and l^nion. 

Teeth in Screw- 
wheels. 

20 

.30 i 

120 

40 

100 

18 

:io 

bU 


90 

16 

30 

120 

40 

80 , 

15 

40 I 

100 


90 


or 20 ; 

• • 


150 

14 

20 : 

80 


70 

12 

20 * 



120 

11 

20 j 



no 

10 

20 



100 

9 

20 ; 



90 

8 

SO 


• • 

120 

7 

20 


• • 

70 

6 

40 


• • 

120 

5 

40 I 


• • 

100 

4 

40 

1 

- - * 

• • 4 

• • 

80 
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If wc examine any port of the tabic, os, for inatonoe, the numberB given for 14 
turns to the inch, tre find the following rule obtains:—^The pitch in col. 1 is equal to 
twice the product of tho numbers in 3 and 6, divided by the product of those in 2 

80 X 70 


and 4. Thus 14=: 2 X 


20 X 40' 


Again, where no compound intermediate is em* 


jdoyed, the pitch is tn'icc the number in 5 divided by that in 2. Thus 6 pitch =: 
•> pitdi X 

40 teeth. 

For machinery by which straight lines or the circumferences of circles are divided 
into a number of equal parts, os for the marking out of scales for measuring or astro- 
iioinieal instruments, or for cutting tooth in racks and wheels, tho screw and the worm 
and wheel are often employed in order to give the means of delicate subdivision. When 
a screw is used for such a puqwst', it is generally called a micrometer (small measurer) 
•urew, and the princiidc on which it acts may be thus described-—If we suppose an 
iicfurately cut screw, having ■i^>th of an inch pitch, to Imj fitted with a nut, the motion 
"f the Screw through one revolution would advance the nut through i^i^th of an inch. 
If on one end of the screw there were fitted a wheel having its circumference divided 
into 100 equal parts, the screw might he turned rotmd any number of revolutions or 
hundredths of a revolution, as marked by a fixed index pointing to the divisions on the 
■wheel. But for every hundredth part of a revolution of tho screw, the nut would bo 
advanced lAoth of i uth, that is, i oAsoth part of an inch; and by using a screw of still 
finer pitch, and having a whetd mounted upon it divided into still smaller and more 
numerous jiarts, the luugitudiiial advance of the nut through still smaller fractions of 
an inch could be clTccted and estimated. It is by such an arrangement that riie fine 
divisions of mathematical instruments arc traced, and the fine lines traced upon me> 
dalliou drawings are engraved. For circular division, the screw, instead of moving a 
ftut longitudinally, acts os a worm on the teeth of a wheel, and causes it to revolve 
through any required part of its circumference. Thus, if we had a worm-wheel with 
3G0 tcc*;h, and a wonn with a wheel fitted on its axis, having SCO divisions, we could 
move the worm-wheel through aiath of siblh, that is, -i ..}.^-oDth of a revolution, or any 
number of such fractions of a revo2)ttion. And faither, if the wheel upon the screw 
were a toothe<l wheel, and we had numerous other toothed wheels, with various 
nunrburs of teeth like those we have described for a screw-cutting lathe, we might, by 
the proper selection of wheels gearing with that on the screw, effect tho division of the 
circle into any number of required equal parts. Such apparatus are employed for 
dividing the circumferences of astronomical instruments, and also for cutting the^cth 
of wheels. When tho number of tcctli to be cut is a multiple of some simple numbers, 
such as 60, which is a niulti[ile of some of the numbers 2, 3, 4, fi, 6, 10, 12, Id, 20, 30, 
it is generally easy to select wheels which, in connection with the screw, shall give the 
required number of equal divisions; but when the number of teeth is what is called a 
prime niunber, such as d9 or 61, which is not capable of subdivision, wo must either 
provide wheels having such a number of teeth already cut in them, or resort to methods 
(if approximation for their subdivision. Thus, if with the 360 teeth on. the wonn ond 
3G0 divisions on the screw-wheel, wo desired to divide a oircle into 61 equal ports, we 

should for each part turn the screw through — 2124J divisiona, or = 

5 revol. 324| div. nearly. Tho error at tho end of the process would be found 
thus:— 
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Since t&e total number of dhieious duo to a complete revolution are 129^600, 

and since 2124} X 61 = 129,694}, 

the revolution of the wheel would want 6} divisions 
of being complete; that is, j^^TGOb’ ajimth part of its circumference: a 

quantity quite inappreciable. 

In sevora] machines it is necessary to provide a rotary motion moro rapid at one 
portion of a revolution than at another, as, for instanto, in machines for slutting aiul 
planing iron. The iron to be planed, or the tool which planes it, makes a rectilineal 
stroke dowly in the one direction while the metal is being cut, but may be drawn back 
rapidly in the opposite direction when no work is done. For producing motion of this 
kind, elliptical geared wheels are employed (Fig. 2C2). The ellipse is a curve, of whiiOi 

, the line A11 is called 

the greater a.vis, and 
carhof thctwo|Huiits 
C and D in tbat line 
is called a fr>eu3. If 
to any point E in 
tlie circuinferetUH* i>f 
the ellipse, lines C E 
and D£ bo drawn 
from the foci, tliu 
sum of tbeir lengths 
is equal to Uiat of 
the axis A B. Far¬ 
ther, if the lines CK 
and 1) E bepiolongod 
beyond the curve, 
and a line F G drawn 
Buastudividc equally 
cither of the angles 
formed by their in¬ 
tersection, the line 
F O is a tangent to 
the curve at £; that 
is, it touches it, but 
does not cut it; or 

every part of it, except merely the point £, lies entirely outside of the curve. If, in 
the prolonged portione of the lines C E and D E, lengths £ K and EII bo measured oft 
equal to D £ C E respectively, H and K may be token as the foci of another 
ellipse, precisely equal in every respect to the origin^ ellipse, and having tho sxis L M 
and the tangent F G touching it at £; and as F G touches both ellipses, they touch 
each other at the point E, end tho length of the line C K, which is mode up of 
C£ snd EK, or its equal £D, is equal to AB or L M. 

These peculiar properties of the ellipse enable us to employ elliptical wheels, each 
revolving round a focus as a centre, C for tho one and K for the other, the two foci 
maintaining a con^nt distance apart, whatever bo tho relative position in which the 





L- 



Fig. 2G2. 



SUN AND PLANET WHEEL. 


471 


wheels lie with req>ect to each other. The circumferences are cut into teeth and spa^s 
like ordinaiy circular gearing, the elliptical curreB being their pitch lines, on which 

the equal divisions are set out. . , . • ii- 

It will be observed that, during a revolution of these wheels, the pomt M gears 
with B, and the point L gears with A; but as the ra^ of these points are CB ^d 
K M, and K L and C A respectively, the angular velocities of the wheels at these points 
vary inversely as the lengths of these radii. If, for instance, C A be Jth of AB, and 
therefore C B = f ths of C A, K M being equal to C A and K L to C B, when the pomta 
B and M arc engaged the wheel 2 is revolving with 3 times the ai^^ular velocity of 1, 
because the radius C B is three times the length of K M; but when the points A and L 
arc engaged, the wheel 2 is revolving with Jrd of the angular velocity of 1, because 
A C is |rd of KL. So at all points intermediate to these, except at N, 0, P, and Q, 
where the radii are equal, the 
relative angular velocities of the 
wheels vary between the limits 
we have named. 

For some purposes in the manu¬ 
facture of textile fabrics, gearing 
like that in Fig. 263 is employed. 

These vary the angular velocities 
4 limes in every revolution; and 
the principal condition of their 
construction is, that the distance 
between their centres be a con¬ 
stant quantity. 

The mn and planet wheel is a 



contrivance for converting a re- f Aa arnnlr in a 

ciprocating into a rotary motion. It was employed by Watt instead of the enu^ 

Btoam-en^e, not because ho preferred it to the latter, but becau^. 

^ faith of a workman who patented the crank as 

. his own invention, he was precluded J^m m- 

- , ploying it. The sun or central wl^l A 

2641 gears with the planet-wheel B, which is 
^ \ \' /'^ caused to revolve round A without rating 

\ 'v . \ 1/ \ round its own centre, being fixed to tte end 

/ 1 of the connecting-rod, and retained^ in 

V '-iti A by mc«a. of a 

tv:.* centres, and revolving freely with B. W^n 

ta the sun and planet-wheels have equal numbers 

of teeth, every revolution of the Utter causes 

\ // 2 revolutions of the former, as may und«. 

' stood by watching the reUtive positioiis rf a 

tooth in each at different parts of a revolution. 

-■When the planet is vertically shove the sun- 

Fig. 2M. wheel, the tooth B of the one U engaged with toe 

apace A of the other; and when the planet has 

n»a« hdf a teydution,» a. to ba Tortiodly bdo» Ita 

woloUoa, «, a. to briag th. n«oa A q uite round to th. pomt wbor. it ir» to. 


f » ^ 

y r 


Fig. 264. 
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conuaeocement. One half^reTolution of A is oving to the half>revolation of B pro¬ 
pelling it xottnid, while the othw half-nmdution of A is effected by tho roll of the 
toothed half oircumfercnce of B presenting fresh teeth and spaces to A at the sncoeseiro 
points of its revolution. When the numbers of teeth in tho two wheels are different, 
the vdocity of the* sun-wheel varies aooordingly, as may be best understood by an 
ezamj^e. Let us suppose that the sun-wheel has 40 teeth, and that the planet 
has 50; then, during one revolution of the planet, it has presented tho whole of its 5(1 
teeth to tho sun-wheel, and therefore turaed it through 60 teeth, as well os its own 
complete revolution of 40 teeth. The sun-wheel, therefore, during 1 revolution of the 
planet-wheel, turns round a distance equivalent to 90 of its teeth, or JiSths = 2i revo¬ 
lutions. 


Fslctioii. —It is often necessary to provide the means of stopping the motion of 
machinery when tho mere cessation of power in the prime mover is not sufficient fur the 
purpose. In a crane, when lowering a heavy weight, it may Ite desirable to lower it to a 
certain point and no farther, and therefore to stop the machinery of the crane when tho 
weight has descended sufficiently far. Or, again, in any a]>paratus provided with 
a fly-wWl, or parts moving with considerable momentum, such as might continue the 
movement after the power has been withdrawn, it may bo essential to provide tho means 


of 8tia|iipmg the movement more suddenly. The most simple arrangement for this pur¬ 
pose is the breaker frirtion-strap (Fig. 265). o is a wheel revolving with the rest of tho 
machinery, and 6 6a flexible strap of iron passing round part of its circumference. One 

_ end of this strap being fixed by 



rig. 2fa. 


a pin to some motionless part of 
tho machine, and the other at¬ 
tached to a lover e pivoted on a 
fulcrum dj on applying force to 
the long arm uf the lever, tho 
stnp is drawn tightly round the 
circumference of the wheel, and 
the friction caused by tiio close 
contact soon brings the wheel to 
rest Tho great advantage of 
employing friction as a means of 
arresting motion, consists in tho 
circumstance that it acts not sud- i 
dcnly but gradually. Were some 
solid obstacle presented to the 


motion of any part of a train of heavy or rapidly moving machinery, the momentum of 
all the moving parts would,have to bo suddenly destroyed, and as no time would bo 
afforded for this operation, the strain would be incalculably great, and incvitablo 
damage would ensue. But when the frictaon-hreak is employed, the wheel to which it 
is applied makes perhaps two or three revolutions before it comes finally to rest, and the 
time so occupied allows the momentum of all the jiarta connected with it to expend 
Baelf in overcoming the great additional resistance caused by the friction. 

In patting an extensive train of machinery in motion, the inertia of all the parts at 
rest to be overcome in like manner j and waro riiia done suddenly the strain would bo 
as great as in the oppoeite case o£ suddenly arresting thetr motion* This eontingeney 
is generally met by the uae of pulleys and straps in oonununioaling the power. Astrap, 



FBICTXOK OF SXEAPB. 


473 


cumuiunicating motion fi'om one pulley to another^ nets only by itsfxiction on their circuin* 
fercucoe; and 

veniently op- ^ 

plied for driv- ^^rtTrTTTlFT] !nTinTnt.w 

ing a train, a yf\ \ ! j IfilTbw 

fricUon coup- A 1 j 11 V 

ling ie cm- l| |1 j [1 Ifr, ! !I!|K, 

ployed. Fig. (m / 1 r, (iM IK 

•iGG is a view ll'l'' 'fj ' f'M \ 

of one very ^ i mH|| if || 

IT/Sdrit / ' L-WPtl I' II \ 

ing 8haf^ and || ‘jl^l j / 1 | 1 | 

B the driven i I I ' | V|^ 

shaft, tbo ends \i i f • j j|| //** 

• of which arc \v jjf j ! im fj 

free to revolve y ' , | i E Z j l{|i| | Jj 

in the boas of \\ i W i ' J i 1 ,1- " ^ 11’*'' I vJ 

a wheel C, true 'v w T ■ ' '. ^ 

and smuo^ on i J ^ I ' ' j • urlr 

its eircumfer- 1 

ence, to which ,1 i, 

is applied a 

friction - strap Fig. 266. 

]D "worlccil ^7 ^ * 

suitable lever. Within the wheel C a bevel-pinion F is mounted in bearings, its ama 

being at right angles to that of the wheel and shafts; and bevel wheola G and H, one on 
each shaft, are fitted to gear with the pinion F. If the friction-strap D be loose, so as 


'ill 


Fig. 266. 
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to leave tbe vrlwel C free to revolve, the rotation of tho shaft A and its wheel Q gives 
motion to the pinion F, and causes its teeth to travel in those of the stationaiy wheel 
H, and thus to make the wheel C rotate at half tho angular velocity of A without 
putting B in motion. But if C be arrested by the friction of the strap D, tho axis nf F 
heoomee fixed, and tho rotation of A and O is communicated through F to B and H at 
the same speed, but in the opposite direction. Tho use of tho friction<strap in this 
apparatus presents the advantages in gradually generating momentum in the driven 
machinery, similar to those derived from its use in destroying tho momentum of 
machinery jn motion. Although, for tbe sake of simplicity, wc have represented only 
one bevil pinion F mounted in the friction-wheel, it is customary to provide at least 
two on opposite aides of the centre in order to balance it, and sometimes four arc fitted 
for the sake of equilibrium and strength. 

It often becomes important to inquire what amount of power is communicated 
through a certain train of machinery. When a steam-engine is employed as the prime 
mover of any machine, the power communicated can be readily ascertained by the indi¬ 
cator. The engine is first worked alone, or with merely the train of whed-work, in 
order that the power necessary to overcome friction may be estimated. It is then worked 
in conneetioti with the ma<diinc, and the driving-power required for the machine is 
ascertained by subtracting tbe force necessary to overcome friction from tbe total |towcr, 
incladiDg friction and the resistance of the machine. When machinery is driven by 
•ome other power, or'when the indicator cannot be conveniently applied, the dyna¬ 
mometer (power-measnrer) is employed. 

The most simple kind of dynamometer consists of a pulley A (Fig. 2C7) fixed on the 

driving-shaft of the machinery 
whose power is requin'd to 
be known. This pulley is 
surrounded by a floxible 
friction-strap C B D, the 
ends of which may be drawn 
closely together by a screw at 
D, so as to tighten the strap 
as much as may he neccssair 
on tbe circumference of the 
pulley. From a hook C at¬ 
tached to tho strap is sus¬ 
pended a scale £, in which 
sufficient weights may bo 
placed to prevent tho strap 
from being carried round by 
the pulley in its revolution. 
A loose cord or chain CG 
fixed at G is also provided to 
keep the strap in its place in 
case of the load E being in- 
sufficient to counterbalance 
the friction of tho strap. Withont this loose cord, a sudden incresse of speed or fric¬ 
tion might lift tho scale and weights, and, whirling them round the pulley, do 
ffiriftps damage to the machinery. In using this machine, the speed of the shaft is 
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carcfullf ascertained by counting the number of its rovolutions per minute, and the 
screw D is gradually tightened until the scale and its load are just kept up by the fric¬ 
tion, the imaginary line A C being horizontal. If the tightening of the screw causes the 
scale to be lifted without reducing the speed of the pulley, more wei^t boa to be added 
to the scale ; but if the scale with its load cannot be lifted without retarding the pulley, 
the weight must be reduced. Having found the weight that is just supported when the 
velocity is correct, the power may be ascertained as follows:—^Tbe length of A C being 
the leverage at which the weight £ acts to retard the rotation of the pulley, the power 
passing through the pulley must be such as would lift the given weight at the distance 
A C from its centre, or tfiat would during each revolution move the weight £ through 
a space equivalent to the circumference of a circle having A C for its radius. Since 
twice A C is the diameter of this imaginary circle, and the circumference is 3f times 
the diameter, 2 X 3f or times AC is the space through which tiie weight is driven 
during each revolution, and this quantity multiplied by the number of revolutions per 
minute is the total space through which the resistance is moved during each minute. 
The power is the weight multiplied by its velocity or the distance through which it is 
moved per minute; and as 33,000 lbs. moved through 1 foot per minute is the standard 
horse-power, wc have the fuUowtng rule for estimating the horse-power as indicated by 
the dynamometer. 

Kulc. —Multi[)ly weight E (in lbs.) by the length of A C, the lever at which the 
weight acts (in feet) by Of and by the number of revolutions of the pulley per minute, 
and divide by 33,000 for the horse-power. 

Example .—^The length of A C being 2 feet 4 inches, or 2,^ feet, the load £ (including 
the weight of the scale) being 78 lbs., and the velocity of the pulley 120 revolutions 
per minute, required the power. 

-Mb,. X2tX6?X120 ^ 

330U0 

In dynamometors of this kind the friction-strap is plentifully supplied witk oil, and 
it is found better to face the interior of the friction-strap with blocks of wood bearing 
on the surface of the pulley; because the friction of wrood on iron is of a more constant 
character than that of iron on iron. When iron rubs on iron without the presence of 
oil or grease, great heat is produced, and the metal surfaces cut into each other and be¬ 
come roughened. But when wood bears on iron, if the surfaces are not oiled, the heat 
priMluccd by the friction will only char the wood without damaging the iron, and will 
not effect any great variation in the amount of friction. 

Friction is also employed as a means of arresting motion in the case of carriages on 
declivities and railway trains. By the use of wheels to carriages the friction is trans- 
■forred from the surface of the road or rail to that of the axli^ As the radius of the 
wheel is the length of lever at which any obstacle opposed to its progress acts, while tic* 
very much smaller radius of the axle is the lever at which its friction acts to oppose the* 
rotation of the wheel, the larger the wheel and the smaller the axle, the less is the resist¬ 
ance from friction. If we were to suppose the axle extended to almost the whole dimen¬ 
sions of the wheel, that, in fact, the wheel were only the thin iron tyre revolving round 
a solid central part, the resistance to the motion of the carriage would bo almost as great 
as if it were dragged along like a sledge. So if the wheel be prevented from revolving, 
it has to be dragged along the road, and the opposition which the friction thereby created 
presents, acts as a groat retarding force. In ordinary carriages the wheel is generally 
prevented from revolving by placing under it a skid or plate of iron attached to tbe ear- 
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rittge ^ ehaiD) vidch has to be dragged along like a alodge. In railway carriages the 
rotation of tiw ‘witeela is arrested by means of blcdca of wood pressed against their cir* 
onmferanosa. These blocks are connected by lerors and rods with sorowa oonvenicuUy 
situated, so that the engino>driver and guards can force them against the wheels or rc< 
moTS the pressure at pleasure. 

Except in these few instances, and that of pulleys and straps, in which friction is 
employed as a means of communicating power or arresting motion, it acts as a resistance 
in all mechanical arrangementa. Although this resistance cannot bo totally oven omc, 
yet by carefully designing the arrangements of mashipery with regard to the simplicity 
and proper formation of its parts, by good execution of the work, by the seleirtion of suit¬ 
able materials, and due proruion of lubricating materials wherever surfaces move in 
contact with each other, it may be diminuhed to a very great extent. 

In order that we may form a clear estimate of friction os a retarding force, we may 

suppose A (Fig. 268) 
to be a piece of mate¬ 
rial, such as iron, 
wood, brass, or the 
like, having a smooth 
lower surface in con¬ 
tact with a smo«)th ta¬ 
bic B of the same or 
any other material. I f 
A be pressed down by 
a perpendicular force 
C, it u'ill be found 
that in order to move 
it laterally along the 
table, some force D 




will have to Ihj im¬ 
pressed upon it, and 
this force will be great¬ 
er the greater the per¬ 
pendicular pressure C. 
There is, therefore, 
tmder these circum¬ 
stances, a force acting 
in the direction of the 
arrow £, not tending 
to put A in motion, but 
resisting its motion in 
obedience to the force 
D. The resisting force 
E is the friction of the 
surfaces A and B. In 
order to measure the 
amount of thla resist- 


oaoe, let ns suppose a foroo F A acting obliquely at such an angle ae just to cause 
A to slide along the table; then, on completing the perallelogram F G A H, while F11 
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or G A nieasurea the amount of force acting perpcndiculaiij to the taUe, F G or H A 
mcofluics the force acting parallel to the table and causing A to slide along it. 

Now it is found practically that whateyer be the absolute force F A, and whaterer 
bo the extent of A’s surface in contact with B, the obliquity of F A or the angle FAG 
which it makes witli the perpendicular, when it just causes A to elide, is yeiy nearly 
constant for any given material. 

The ratio which AII bears to A G, or the fraction expressing the dfyision of A H by 
A G, is called the corfficicni of friction^ and the angle F A G is called the Umiting angle of 
rcniatt^nce. Some very careful expq|ipicnts hayo been made to determine the yalues of 
these for different materials; their results arc embodied in the accompanying table. The 
cot'fficicnt of fi iction is the tangent of the limi ting angle of resistance; and if we know 
th(‘ one wc can easily find the other from a trigonometrical table. We haye, however, 
given an approximate value of l>oth to save tho trouble of reference. As an example of 
the practical application of those numbers, wo may take the case of brass and iron, for 
whiih the coeiBcient of friction is ‘143 and the limiting angle S'’. If, then, a piece of 
smooth iron weighing 1 cwt. n‘stcd on a brass plate, it would require a lateral force of 
l(i llts. to cause it to slide, for 112 lbs. (tho vertical pressure) X *143 = 16 lbs. Or, if 
the brass plate were inclined 8 ’ to the horizon, the iron would slide along it from its own 
weight. Or, again, if we suppose a smooth round shaft of iron, weighing 1 ton, revolv¬ 
ing m a brass bearing, the force necessary to be applied at the circumference of the shaft 
to overcome its friction would be 2240 X '143 — 320 lbs. .Vssuming the shaft to be 
6 iiirhcB diameter, or to have a radius of 3 inches .it tlic bearing, the length of the 

radius 3incho.s is the IcTcrnge at which Uio friction acts to resist its rotation, and the 

12 in 

resislnnco 320 lbs. at this leverage is equivalent to 320 X- 5 -;—‘ = 80 lbs. at a radius 

w XTl • 

of 1 foot. By a similar method of calculation the resistance due to the sliding friction 
cither of phiiu* or of cylindrical surfaces of these or other materials may bo readily 
estimated. 

TvuT.r or vRicnox. 


MatcnaN uf «'hich the Rubbing Surfaces 
Consist. 

Coefficient of Fric¬ 
tion, I'rcEwurc 
being 1. 

Limiting 
An^lc of Uc> 
siKtauce. 

1 

Steel and lec. 

0014 

3* 

’ 

Ice and Ice. 

0130 

7 I’ 


Hard Wood and Hard Wood . 

0135 

7i’ 


Brass and Steel or Iron. 

0142 


< 

Soft Steel and Soft Steel . 

0-147 

8Y 


(last Iron and Steed . 

0150 

84’ 


Wrought Iron and Wrought Iron .. 

0160 

9^ 

( 

Cast Iron and Cast Iron .. 

0-163 

94’ 


Hard Brass nml Cast Iron. 

0-167 

9A’ 

1 

Cast Iron and Wrought Iron . 

0170 

9? 

1 

1 

Brass and Brass. 

0-175 

10’ 

1 

Tin and Iron . 

0-180 

lOl’ 


Soft Steel and Wrought Iron . 

0-190 

lOf 


Leather and Iron . 

0‘250 

14’ 


Tin and Tin . 

0-265 

14|’ 


Granite and Granite. 

0-300 

lef’ 


Yellow Deal and Yellow Deal. 

0-347 

19j‘ 


Sandstone and Sandstone. 

0-364 

20’ 


Woollen Cloth and Woollen Cloth .. 

0-435 

234’ 
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Tbe bumbera in tho preceding table apply in the case of smooth surfaces, such os arc 
em|doycd in wdl-eonstructed machinery. When the surfaces are rough, the resistance 
may be incueaaed indefinitely, and there can be no means of calculating its amount. 
When the surfaces are oiled, the friction is considerably reduced; but os, in all ma* 
chinety, the rubbing surfacta are liable to become dry, or roughened by wear or tho 
presence of grit, we think that in estimating the loss by friction, the numbers in tho 
tnUo should be employed without any allowance for lubrication. 

The bust experiments made to fix these numbers are those b>' Rennie, who tested the 
materials under a pressure of 36 lbs. per square ii^ of rubbing surface. Fur greater 
pressures the fiiction is rather less in proportion, out tho numbers given arc sufficiently 
near for practical use. In general it appears that when both surfaces are of the same 
material, the friction is greater than when they arc of ditferc'nt materials. This is 
believed to be owing to the presence of a certain amount of that cohesive force which 
holds the molecules of any material together; and it is fuund to bu greater the smoother 
the surfaces, smd therefore the more intimate their contact. Independently of this cir> 
cnmstsncc, however, it is generally found inexpedient to make the rubbing surfaces in 
machinery of the same material, especially when there is any risk of their bceuniing 
heated by great pressure or rapidity of motion. In such cases, the particles of tlie one 
appear to blend with those of the other, the surfaces become cut into ridges and hollows, 
and sometimes cohesion takes place with such force that the materials themselves give 
way rather than separate from each other at their stirfacos. This result is particularly 
observed in cases where iron and iron rub upon e.%eh other, especially when the iron is 
soft. When it is desired that the rubbing surfaces should be bi>th of iron, it is better to 
case-harden tlie rubbing surfaees, os is usually done in the case of carriage axles. The 
process of case-hardening is effected by exposing the snUKjth surfa«-e to a red heat lor 
several hours in a furnace in contact with substances capable of fiiniishing it with 
carbon, such as prussiate of potash, Icntlior shavings, and the like. Tho outer skin of 
the iron is penetrated by tho carbon, and becomes a speeies of steel, u-hieb is rendored 
very hard by plunging it while still red-hot into cold water. After hardening, the sur¬ 
faces have to bo carefully ground smesub and tne* u'iili oil and emery, or such like 
polishing substances; and, before use, the emery mu.st be carefully cleaned off, os it-s 
presence would otherwise cause the surfaees to cut, to become hot, and to cohere. I ii 
the CPS" of shafts revolving in bearings, ilu; shafts In-ing generally of iron are made t<» 
rest in bushes made of bra.ss, gun-metal, tin, or some jmft alloy. 'I'bc rubbing sur¬ 
faces arc made to fit each other accuraUdy, being turned, bored, filed <‘r scraped where 
necessary' until the contact is made nearly perfect. When tho contact is very imper¬ 
fect, or only takes place at a few points of the surface, these become rapidly worn and 
cut, and the heat produced by their wear expands unequally other portions of the sur¬ 
faces, which become abraded in their turn. In cases where great pn'ssure is sustained 
on a bearing, the surfaces of contact ore extended as much os i> 08 .silde, so that the 
intensity of pressure on any portion of the surface may be os small as possible. For 
shafts lying in cylindrical bearings, the extension of surface is best cffec;ted by lengthen¬ 
ing the bearing, not by increasing its diameter. Ry increasing the length, the surface 
is proportionally increased, tho pressure per square inch is proportionally diminished, 
the amount of friction is not altered, but the tendency to cutting or wear is reduced. 
But were the diameter increased, although the surface would bo also increased, and the 
wear reduced, yet tho friction would act at an increased leverage, and have greater 
cfTcct as a resisting force. When tho pressure is directed longitudinally along tho 
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shaft, the bearing surface is increased by forming on the shaft numerous cdlars or pto> 
jccting lings, nrhich are made to press against fixed ring-bearings fitted between them. 
The total pressure of the shaft is thus subdivided over the combined surface of ell the 
collars, and the ring-bearings being mode capable of adjustment by regulating screws, 
no one of them is unduly pressed upon. Such a form of beaxiiig is particularly useful 
in steam vessels fitted with screw-propellers. The propeller in reviving through the 
water tends to throw it backwards from the vessel, and the ration of the water is the 
force which propels the vessel. But^ia force, sometimes amounting to several tons, 
is communicated through the sllafi^l^ tho propeller to some fixed point in the vessel; 
and at this point is situated the hearing such as we have described, technically called 
the pmhing hearing. 

The friction of straps upon pulleys depends upon the extent to which they are 
tightened, the extent of circumference with which they are in contact, and their 
breadth. It is commonly believed, that the greater the diameter of pulley, the more 
surely docs tho strap cause it to revolve without dipping. Theoretically, however, and 
we believe practical]}', it will be found that, with equal degrees of tightness, equal 
breadths of strap, and equal circumstances as to perfection of contact, the friction of a 
strap on. the circumference of a pulley is the same, whatever be its diameter. The only 
L-ireumstance that can afll’Ct the constancy of the result is, that straps not being per¬ 
fectly flexible lie more closely to surfaces curved to a large radius than to those of 
smaller radius. 'When a certain amount of power has to be communicated through a 
strap, the speed at which tbc strap moves has to be taken into account, because power 
being pressure multiplied l»y velocity, the greater the velocity with which the power is 
transmitted the less the pressure that has to bo communicated at that speed. In this 
sense, then, it appears that tho larger the pulley tho less is tho slip of tho strap, 
lieeausc the greater the cireumferonce of tho pulley revolving at a given angular 
veloeity, the greatcT is its absolute velocity through space, and therefore the less the 
pressure required to communicate a given power. It is found practically that a leather 
.•.trap inches wide, embracing half the circumference of a smoothly-turned iron pulley, 
and travelling at the rate of 100 feet per minute, can communicate 1 horse-power. For 
communicating any given power at any given velocity, the breadth of the strap may be 
found thus:— 

Rule .—Multiply the power (horse) by 800, and divide by the speed (in feet per 
minute); the quotient is the j^ireadth of strap in inches. 

Examph 1.—Required the breadth of strap, travelling 600 feet per minute, to com¬ 
municate 12 horse-power. 

wj.u 12 X 800 . , 

^t4th, — 2777 ;— = 16 inches. 

600 

tho diameter of pulley (in feet) and the number of revolutions per 
minute aro given, the speed of tho strap is found by multiplying tho given number of 
revolutions by the diameter (in feet), and by 3^. 

Example 2.—Required tho breadth of strap for communicating 10 hotae-power to a 
pulley 3 ft 6 ms. diameter, revolving 150 times per minute. 

Speed of strap, 150 X 3| ft. X 31 = 1650 feet per minute. 

Breadth, —^ inches nearly. 

1650 

'When less than half the circumference of the pulley is embraced, tiie strap must bo 
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pnpdrtUnaBy wider; and when more than half the cirournfanmoe ii emhtmocd, its 
width nay 1w leas. Thua» if the strap bo in oontact with only \ik of oircum- 
imiuxb, its breadth must be doubled^ because 4 is double of ^th. Again, if it bo in 
oontMBt with fths of the circumference, its breadth may bo {rds, because | is ^rdi of 
fths; and so in other cases, the breadth being inrersely proportional to the amount of 
cifeamlerence embraced. 

In all cases, however,^much depends on the tightness of the strap, the limits to the 
finco with which it is strained being, first, the tensire strength of the strap itself, and, 
aeoondly, the amount oi pressure that it may bfj^ponTcniont to throw upon the shaft 
and its bearings. New straps become extended by use, and it is therefore frequently 
necessary to take them up or shorten them. Before use, they should be strained for 
some time by weights anq>cndcd from them, so as to leave less room for extension while 
in use. ’Wborever s^ps are employed, they should bo of the greatest breadth, and tmvi l 
at the greatest speed conBisUmt with conrcnieiioo, as it is most important to have Uic 
requisite strength in the form most suited fur flexure, and the least possible strain on 
the diafts and bearings. 

When ropes or chains are employed, as in crones, capstans, windlanes, or tbt* like, 

for raising heavy weights or resisting great 
strains, the requisite amount of friction is 
obtain(‘d by coiling them more than once round 
the barrel of the apparatus. It is found that 
one complete coil of a rope, as in Fig. 25*pro¬ 
duces a friction e({uivBlent to 9 times the tension 
on the rope, tlio barrel being fixed; that is to 
say, 1 lb. or 1 cwt. of tension on the end of a 
rope at A, can support 9 lbs. or 0 cwt. of ten¬ 
sion at B. Were tlie end B of the rope e<iilfd 
again round a barret, it would support 9 1 inics 
its tension, that is, 9 X or ^1 times tbi- ten¬ 
sion of A, and so on, coil after coil increasing 
the friction in a very high ratio. 

The rule by which this may be calculated is 
very simple, vis.:—Multiply 9 by itself as many 
times as there agp coils, and the product will 
be the number of times the tension at one end 
that will be supported at the other. For ex¬ 
ample, 1 cwt. at one end of a rope cmled three 
times round a barrel would support 9 x 9 X 
= 729 cwt, or 36.} tons at the other end of the 
rt^. The diwme***' of the barrel docs not affect the result. Having regard to these 
may readily understand the force with which a knot on a cord or rope resists 
the slip of the ooila of which it consists, for the aevcita parts of the cord act as small 
barrels, round which the other parts are coiled; and the yielding nature <rf the materi^ 
of which the barrels are compoeed, permUs the coils to become impressed into their 
substanoe on the application of force, and prevents them from dipping more effectually 
Aan if they were coiled on a hard and reaisting barreL 

TO ftfoo this part of the subject, wo may briefly allude to fuggeations that 

have ftOBi time to time been made <br communicating power by means of the movc- 
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ment of fluids. Some of these have been practioalljr’carried out with very good effect, 
and we believe that much may yet be done in this direction. 

Manufisetoriea^ containing numerous machines, are generally arranged in such a 
manner that the power of a great prime>mover, whether a 8team*engine or water-wbed, 
is communicated by shafts, pulleys, straps, and wheelworfc, to the different machines. 
However excellent may be the arrangements or workmanship of the connecting ma¬ 
chinery, still there must be considerable waste of power in overcoming the mere friction 
attending its motion; and this waste is very much increased whmi the accuracy of 
arrangement is afleeted by wear, or by the unequal settlement of any part of the 
building supporting the bearings of shafting. Of late years, engineers have devoted 
attention to the communication of power to some extent without the intervention of 
wheelwork and shafting, but by the supply of steam from a central boiler to numerous 
small engines, arrange throughout the building in the immediate neighbourhood of the 
machinery to be put in motion. The pipes that convey the steam are cheaper in first 
cost than shafting of equivalent length, tbeir efficacy is not dependent on accuracy of 
levels, nor ia it impaired by wear; and the friction attending the passage of steam 
through them ia much less than the friction of shafting. It is true that the force of 
steam passing through g^at lengths of pipes U considerably diminished by cooling; hut 
much of this loss may be saved by covering the pipes with non-conducting materials, 
such as felt or sawdust. The objection generally made to this mode of communicating 
power is, that the first cost of the numerous small engines generally exceeds that of one 
largo engine, and that each of the small engines requires separate attendance, ^o 
believe, however, that, in an extensive work, the cost of steam-pipes and muuerous 
small engines will not be found to exceed that of a large engine, with all the shafting 
and connecting machinery; and that, with proper arrangements, the attendance given 
by workmen to the separate machines will be sufficient for the engines that put them iu 
motion. A number of machines ore now made to act directly by steam power, without 
the intervention of machinery. Among them we may cite, as examples, the steam- 
Tin nimor and stcom rivctting-machine. In both these coses, the direct pressure of steam 
upon a piston takes the place of the former complicated arrangements of wheelwork, 
ccfontrics, cams, and levers, which were necessary for converting the rotary motion of 
shafting into the reciproc^iting movements required for hammering and rivetting. To 
many other manufacturing operations we think the some principle of movement might 
be applied with good effects and wo believe that the simplicity, directness of action, 
and facility of control attondmg such arrangements, would soon cause them to take the 
place of the more complicated methods of deriving power from rotary motions. 

The atmospheric railway is an example of an arrangement for communicating power 
on a large scale by means of the motion of fluids. A pipe, several miles in length, witii 
a longitudinal slit or opening along its upper side, is laid down between the railsH The 
pipe is fitted with a piston, and the slit is covered by a flexible valve, which can be 
lifted so as to pormit an upright rod attached to the piston to pass through the upper 
part of the pipe to a carriage mounted on the rails. When the carriage and piston are 
at one end of the pipe, the valve being closed tightly over the slit, and luted by grease 
mdled over it, tho air is extracted from the pipe by pumps worked by a steam-engine; 
and the pressure of air on one side of the piston being thus in a great measure removed, 
tho atmospherio pressure acting on the other side forces it along the pipe with great 
velocity, and thus gives motion to the carriage which is connected with the piston and 
the train of oaniagea attached to it. Tho piston and conneoting-rod are fitted with 
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mitable xoQejm ftm lilliiig I2ie ^ve iu firoat of tbe upright tod, aiid for it and 

Mtling it up behiad it, ao that after the paaeage of the train in one diraotko, the pipe 
au^ be madj for exhauation to draw a train in the opporito directaon. In the triala 
ma^ with t^ ajatom of propdling trains, it was found poaaihle to seome great velo- 
oitiaa, and to more rery hoary trains orer aerere inclinations when the pipe and its 
▼alre were in good cnder. But the great practical difficulties attending the oonstructiott 
•ad tight-closing of the ralre prored an almoet inaupenble objection to the use cf the 
atmoaidieric railway, as eren a small leakage of air into the raouum-pipe necessitated 
the expenditure of greet power in the pumping engine to auatain the required vacuum. 

It waa at one time propoeed that in the ciac of a dty like London, with numerous 
mall steam-engines and boilers scattered through it, power tiioold he cmnmunioated to 
different eetaUiahmenta from eome central source, by means of oompreaaed air forced 
.throu^ pipes laid down like the gas and water-pipes in the streets. One largo engine 
continnally sustaining a supply of air condensed to a proaauro of seroral atmosphei-cs, 
would thus take the place of the numerous separate boilers now supplying steam, and 
the air thus supplied would work the present engines as effectually as the steam. There 
is little doubt that, were such an arrangement carried out, the first oost of the air-pip^ 
being met, there would be conriderablc advantages attending it, in respect of economy 
and the diminution of danger from hoUer explosions, as well aa the remoral of numerous 
sources of offence firom the chimneys of manufacturing establishments. 

Arrangements of a similar character might at present bo carried out in cities like 
London without any great outlay, whore the supply of water is adequate. The pump¬ 
ing engines of the water companies might be made the means of supplying power to 
numerous estahluhmcnts of machinery at a reiy cheap rate. It is found practically that 
in pumping water, 1 ton of fuel ia cap^le of raising 25,000 gallons of water 100 feet 
hi^ j as water from a cistern 100 feet high would press with a force of 46 lbs. on 
every squ^n inrii of a piston exposed to its action, this power might be readily made 
available for raising weights, giving pressure, or even driving machinery by the inter¬ 
vention of properly constructed water-pressuro engmes. 


RIFLES ATD TABLES. 

Thx mwftbMiifl has frequent occasion to cslculate the lengths of lines, areas of 

figures, capacitiv of solids, and weights of ma sses of material. We think, therefore, 
ire cannot bett« conclude the genenl view we have endeavoured to give of 
practically applied, *ben by furnishing a few of those simple rules and 
methods of whichmost commonly occur in practice. 

J e must presume that the mechanic is tolerably intimate with the ordinary oper- 
( o£ azitiimetic—-Addition, Subtraction, Multiplication, and Division; and that he 
will bear in mind the folloadug symbols, as a kind of arithmetical short*hand, often 
tisefol in e x pre ss ing miss and modes of operation. 

placed before a quantity, means that it is to bo added to the quantity pre* 
oedingit. 

— placed before a quantity, means that it is to be suhstracted from the quanti^ 
preceding it. 

X phujed between two quantities, means that the first is to be multij^kd by the 
other. 
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-f- placed between two quantities, means that the first is to be diyided by last. 
When instead of the two dots in this symbol of ^Tision, one quantity is written 
above the line and the other below it, the upper is to be divided by the lower. Thus 

12 

12-^4 may be written ^, which means that 12 is to be divided by 4. 

= placed between two quantities, means that the one is equal to the other. 

SxampU 1.— Poww = weight X veloeitg^ means that the power of any machine is 
equal to the weight raised by it, multiplied by the velocity with whi^ it is raised. 
Thus, if an engine raise 330 lbs. at the rate or velocity of 100 feet per minute, we 
should say its power is equivalent to 330 lbs. X 100 feet == 33,000 lbs. at the rate of 
1 foot per minute. 

2. Bor«^,.er = »«■) X /«< P«- ■! !^ m«u» flat the 


power of a machine reduced to the standard of horse^power, is equivalent to the wmght 
in lbs. multiplied by the velocity in feet per minute, and divided by 33000. Thus, if 


an engine raise 330 lbs. 100 feet high per minute, its horse-power is 


330 X 100 
33000 


that is to say, one-horse power. 

The tables of weights and measures most necessary in computations connected with 
Practical Mechanics, arc those of Avoirdupob Weight, Lineal, Superficial, and Solid 
Measure, Time, Temperature, and the Division of the Circle. Unfortunatdy for ease 
of recollection and computation, the English tables of measures have no regular system, 
and there furo require to be remembered separately, or to be constantly referred to. 
The French have adopted a regular and simple system, both in the names and in the 
relations of their dilferent denominations. As their measures are frequently referred to 
in scientide works, we subjoin tables of them along with the English tables; and short 
rules for the reduction of quantities given in the one, to their corresponding values in 
the other. 

Tkoy WmonT. 

Used for tho precious metals and for chemical analysis. 

Controcicd. 

24 Grains = 1 Pennyweight . . 24 gr. =1 dwt. 

20 Pennyweights = 1 Ounce .... 20dwt. = loz. 

12 Ounces = 1 Pound . . . . 12 oz. = 1 lb. 

1 pound troy therefore contains 6760 grains. 

1 pound avoirdupois contains 7000 troy gnuns. 


Avoihdufou Weight. 

Used for weighing all materials except those to which troy weight is confined. 

Contiiieted. 


16 Drams 

= 1 Ounce . . . 

16 dr. 

= 1 oz. 

16 Ounces 

= 1 Pound . . . 

16 oz. 

=:llb. 

28 Pounds 

= 1 Quarter . . . 

28 lbs. 

=: 1 qr. 

4 Quarters 

= 1 Hundredweight 

4 qrs. 

= 1 cwt. 


20 Hundredweights = 1 Ton .... 20 owt. = 1 too. 

Fexnch Decihax System of Wkoht. 

10 Milligrammes = 1 Contigramme 
10 Centigrsaunes = 1 Decigramme. 

10 Decigrammes = 1 Gramme = 16*434 troy gnuns. 
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ilO Gnmmes =: 1 Dceagnunrae. 

10 Decagraanncs = 1 llectognuiuno. 

10 Hectogrammes = 1 Kilognunrao == 2*20486 lbs. aroirdupoia. 

10 Kilograamiea = 1 Myriagrammo. 

10 Myriagrammes = 1 Quintal = 1 cwt. 3 qra. 25 Iba. nearly. 

100 Quintals = 1 Millier or liar = 9 tons 16 cwt. 3 qn. 12 lbs. 

The general principle adopted in tbo French system, is that of the decimal sealc. 
Hicy settle on some unit of weight or measure—as the gramme for weight, and the 
mfttie for measure. For the names of all fractions of that unit, proceeding by tenths, 
hundredths, and thousandths downwards, they prefix the l^tin numerals deci for tenth, 
centi for hundredth, milli for thousandth, to the name of the unit. Thus, a eentigrammu 
is the hundredth part of a gramme, and would he written in figures 0 01 gramme; a 
miUimhtre is a thousandth port of a m^tre, and would bo written 0*001 mi^tre. Again, 
for the names of all mtiltiples of the unit, proceeding by tens, hundreds, thousands, and 
ten thonsands upwards, tliey use the Greek numerals—deea, ten; hecto, htmdred; kiln, 
thousand; myna, ten thousand, prefixed to the unit. Thus, fur a thousand mHres they 
say a Iplom^tre, written 1000 mdtros; for ten thousand grammes they say myria> 
gramme, written 10,000 grammes. There are a few exceptions for the larger denomina- 
tions in the scale of weights which we have given in full. According to this system, 
each denomination finds its place in the ordinary dc'c'imnl scale of notation, and orith* 
metk^ operations are reduced to the simple rules, without the necessity of complicated 
reductions. 

For example, if we wished to ascertain the cost of 7 myriagrammes, 3 kilogrammes, 
4 hectogrammes, 6 decagrammes, 5 grammes, 3 centigrammes, of a material at 2 francs 
20 cents per kilogramme, 

we should write the quantity . . . 73465*03 grammes 

which is equivalent to.73'46503 kilogrammes, pointing off 3 figures. 

Multiply by the price per kilogr. . . 2*2 


155 C23066 francs. 

Or, 155 francs, 62 cents. 

In the English system, on the other hand, a similar question—as for instance, the 
cost of 17 tons 4 cwt. 3qrs. and ISlbs., at 12«. 9d. per cwt.—would involve the necessity 
of reducing the several denominations, or of artifices for employing fractional parts os in 
the ordinary arithmetical rule of Practiec. 

To reduce kilogrammes to lbs. avoirdupois. 

JBide .—^Multiply by 2*20486. 

Example 1.—rTo reduce 17 kilogrammes to lbs. 

■ Multiply by 2*20486 . 

37*48262 lbs. 

For general practical oomputationa, the decimal fraction, after its first figure, may he 
neglected, «n*d the multiplier may be taken as 2*2 simply* 

" JExampl* 2.—To reduce 23 kilc^ammes to IIhi. 

23 X 2*2 =£ 60*6 lbs. 

For closer apprmdmation, after multiplying the number of kilogranucei.hy 2*2, add 
to.the xesnlt the 200th part of tiie number, or the half with two docima] places pdnted off. 
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Thus, 23 X 2*2 == 50*6 ‘ 

add of 23 ‘115 

50715 Ibf. 

The accurate number 5071178 
To reduce lbs. avoirdupoie to kilogrammee. 

Bxiie .—Divide by 2*20486, or multiply by its reciprocal '45355. 

Example 1.—To reduce 37*48262 lbs. to kilogrammes. 

Dividing by 2*20686)- 

17 kilogrammes. 

Tho reduction may be eifected with sufficient accuracy by the following artifice 
Add together onc-third of the given number of lbs., one-third of that third, and one- 
twelfth of the last third.* 

Example 2.—To reduce 37*48262 lbs. to kilogrammes. 

one-third 12*49421 
onc-third of one-third 4*16477 
one-twelflh of the last *34706 

17*00604 

Example 3.—To reduce 5 cwts. 2 qrs. 12 lbs. to French weight. 

4 

22 qrs. 

28 

3)628 lbs. 

3)209*33 
12) 69*77 
5*81 

284*91 kilogrammes. 


Likkal Measv&es. 


12 Inches 

3 Feet 

= 1 Foot 
= 1 Yard 

6 Feet 

= 1 Fathom 

5^ Yards 

=: 1 Pole or Bod 

7*92 Inches 

= 1 Link 

40 Poles 

= 1 Furlong 

100 Links 

= 1 Chain 

8 Furlongs = 1 Mile 

80 Chains 

= .iMilfl 


The measures employed for the smaller dimensions of mechanical work, are the 
foot, its twelfth part ^e inch, and tho factional divisions of the inch, dividing succes¬ 
sively by 2; viz.—the balf^ the 'qualtter, the eighth, thhsizthenth, the thirty-second, &c. 


* The reason of this rule is the following:— 

One-third of 1, exptcasod decimally, is. • - * * 

One-third of *333, &c. expres^d decimally, is . . *1111 ft 

One-twelllth of *111, &c. expressed decimally, is. . *0092 „ 

Their sum.., < *4536 

is a near appro:(imation to.. . . . „ *45355 
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For larger vorka, as cuttings, embankments, shafts of mines, and the Uke, the yard of 
3 feet, cr the fathom of 6 feet, are the ordinary units. For surreying purposes, the 
chain of 11 fidhoms, or 22 yards, or 66 feet, or 100 links, is the unit. And for greater 
dimensions, the mile, or 1760 yards, or 5280 foot, and its firacticmal diTisions by 2, thu 
half'inile, the quarter mile, the eighth of a mile or furlong, are employed. 

The imit of French measure is the mdtre, which is equal in length to 39*371 
indies, or about 3-281 Englidi feet, or 3 feet 3{ inches very nearly. 

To reduce French measure to English. 

—llultiply the number of French metres by 3, and take the product as so 
many English feet, so many inches, and so many eighths of inches; or, add together 
the product, its twelfth part, and the eighth part of the twelfth, fur thcTslue in English 
feet. 

Exumpl 0 1.—To reduce 53 m&tres to English measure. 

ft. in. 

53 X 3 =.169 

159 inches = .... 13 3 

159 eighths of inches = 1 7lr 

173 lOi nearly. 

lExampU 2.—^To reduce 42 kilometres to English miles. Thu kilometre is 1000 
mbtres, and 42 kilom&tres arc therefore equivalent to 42000 metres. 

Multiply by 3 

126000 

One-twclAh 10500 

One*cighth 1312‘5 

One mile contains 5280)137812*5 feet 

2G'l miles nearly. 

1 kilometre is exactly 1093-6389 yards. 

1 mile is exactly 1760 yards. 

109.3*6389 

Therefore, to reduce kilometres to miles, multiply by or *621386. 

For rough calculations, take Sths decimally, *625. 

To reduce milea to kilometres, multiply by or 1*60931 nearly. 

For rough calculationa, take Ifth decimally, 1*6. 

The French pied, or foot, is equal to 1*09 English foot. 

The French pouce, or inch, is equal to 1*09 f^gliah inch. 

ScrEUTCiAii Measubb. 

144 square inches == 1 square foot. 

9 square fbet = 1 square ya.*d. 

30^ square yaida = 1 square pole. 

" 40 square poUa = 1 rood. 

4 roods =: 1 aero. 

The acre, therefore, oonteine 4840 square yards, or 10 square chains, each of 484 
square yardo. 

The French eupeificial measure is, for small areas, reckoned by the fequares of the 
mbtre nd its parta, the mbtre caird, mr aquare mbtre, being 13*765 square feet, or 
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1‘196 square yard. For larger areas, the French unit is the Are, urhich is a square 
dccamdtre, or 100 square mbtres, equivalent to 119*005 square yards. 

Solid Measusb. 

1728 cubic inches = 1 cubic foot. 

27 cubic feet = 1 cubic yard. 

42 cubic feet = 1 ton of shipping. 

40 „ =1 load of rough timber. 

50 ,, =1 load of squared timber. 

The French solid measure is reckoned by the cube of the metre an'.l its parts. 

1 cubic foot = ‘0283 cubic mdtre. 

1 cubic yard = *7645 ,, 

1 cubic metre = 35'3‘2 cubic feet. 

Liquid Measdbe. 

There are several varieties of English liquid measure, and provincial variations in 
their scales; but the principal unit of liquid measure is the imperial gallon, which 
contains 277*274 cubic inches, and of which a cubic foot contains 6*2321, or nearly 6^. 
The unit of Frenoh liquid measure is the litre, or cubic decimetre, the thousandth part 
of a cubic mbtre, equivalent to 61*028 cubic inches. 

Time Measube. 

60 seconds = 1 minute. 24 hours = 1 day. 

60 minutes = 1 hour. 7 days == 1 week. 

The French measurement of time is the same. 

Tempebatvee. 

There ore three scales of temperature in use :— 

1. Fahrenheit's, used in England, in which the point of water freezing is 32\ and 
the point of water boiling is 212". 

•2. The Centigrade, used in France, in which the freezing-point of yfU-ier is the 
zero, or 0", and its boiling-point is 100". 

3. Reaumur’s, used among some Continental nations, in which the freezing-point of 
water is zero, or 0", and its boiling-point 80". 

To reduce tmnperature by Fahrenheit to temperature by Centigrade. 

Subtract 32", multiply by 5, and divide by 9. 

BxampU 1.—^To reduce 180" Fahrenheit to Centigrade. 

180 

Subtract . . 32 

_ 82"*222 Centigrade. 

Example 2.—To reduce 15" Fahrenheit to Centigrade. 

15 

Subtract . . 32 

• • ^17 X 5 ^ ^ 9 »- 44 , &o., or 9"*44, fto. bdow zero. 

To reduce temperature by Centigrade to temperature by Fahrenheit. 

Multiply by 9, divide by 5, and add 32". 
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I JBnHnpfod. 

To radnoe 82!**2 Oeatigr. to Falu 
Hultiplj bj 9 

Ditideby 5)740 


Add . 


180’ Fab. 


4. 

To ledttoe — 0*‘4 Oentigr. toFab. 
9 

5 )--85 
— 17 

Add ... 32 


16’ Fab. 


At. _ AV .. ..-V. 


_ • __ 




scro, and is to be subtract^ in cases where it would be added if it bad not the mark —. 
ExamfU 6.—To reduce — 100’ Centigrade to Fahrenheit. 


6)—900 

— 180 
33 

— 14S’ Fahrenheit, or 148’ below zero. 

To reduce temperature by Fahronlicit to temperature by Kcaumur. 
Subtract 32, multiply by 4, and divide by *9. 


Examplt 6. 

To reduce 63’ Fah. to ficaum. 
32 


9)120 


ExampU 7. 

To reduce 16’ Fah. to Ucaum. 


— 17 

4 


13*'3 Beaum. 


9)— 68 

— 7’’6 Beau., or below zero. 


To reduce temperature by Beaumur to temperature by Fahrenheit 
Multiply by 9, divide by 4, aiul add 32. 

Example 8. ExampU 9. 

To reduce 13’ 3' Beaum. to Fob. To reduce — 7’ 6' Beaum. to Fah. 

9 9 


4)120 


4 ) —68 


— 17 
32 


62* Fah. 

To reduce Centigrade to Beaumur. Subtract iih. 
ExampU 10.—To reduce 86’ Centigrrade. to Beaumur. 
One«fiitb ... 17 

^ 68* Beaum. 

To reduce Beaumur to Centigrade. Add ith. 

Exam^ 11.—^To reduce 68* Beaumur to Centigrade. 
One-fourth ... 17 


15’ Fah. 


85” Centigr. 
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Division of tkb Cibolb. 


60 Seconds 
60 Minutes 
00 Degrees 

360 Degrees or 4 Quadrants: 


: 1 Minute 60"; 

: 1 Degree 60': 

: 1 Quadrant or rig^t angle 
1 Circumference. 


Thb FnnNcu Division is 

100 Seconds = 1 Minute. 

100 Minutes = 1 Degree. 

100 Degrees = 1 Quadrant. 

4 Quadrants = 1 Circumference. 

Tlie quadrant, right angle, or quarter of the circumference, is the same for the French 
and English systems, and 100^ French are therefore equivalent to 90° Englidu 
To reduce French degrees to English. Subtract -^th. 

Example 1.—To ezpress 73' French in English measure. 

Subtract one*tcnth . 7*3 


65*7 

60 


65° 42' EnglisL 


Example 2.—^To express 26’ T 36" French in English measure. 
The French number would be written 2G°*0736 
Subtract one-tenth. 2 *60735 

23 *46615 
60 


An. 23’ 27’ 68’'*14 English. —;- 

68*14 

To reduce English degrees to French. Add ^th. 


27 *969 
60 

58*14 


Example 3.—To express 65’ 42' English in French measure. 42' = ^ or there¬ 
fore the English, expressed decimally, is 65’’7 
Addunc-ninth.7 *3 

73’* French. 

Example 4.—To express 23” 27' 58"‘14 English in French. The quantity, deomally 
expressed, is 23”‘46615 English. 

Add one-ninth . *2 *60735 

26’*0735 French. 

The oircumferenoe of every circle is 3*1416 times its diameter, or 6*2832 tunes its 
Ksdius or half diameter. 

Hence, to find the ciroumferenoe of a circle whose diameter or whose radius is given, 
Multiply the diameter by 3*1416, or the radius hy 6*2882. 

^toenpie 1'.—To find the circumfisrence of a pulley whose diameter is 4 fbet 6 ins. 

4 feet 6 ins., or 54 ins. X 3*1416 = 169*6464 ins., or 14 feat If in. nearly. 




11 ins. X 6*2832 == 69‘llfi2 ini., or nearly 69]^ ina. 

Sinee the decimal *1416 is neariy equal to |lh (which is acouxmtely *142387), wo 
hawe the approximate rule for finding the circumference of a circle. 

<fiM^.'~Multiply the diameter by 3f, or (since 3f = multiply the diameter by 
22 and divide by 7, or multiply the radius by 44 and divide by 7. 

SxttmpU 3.—To find the circumfinenee of a pulley 4 feet 6 inches diameter. 

4 feet 6 ins. X 3 = 13 ibet 6 ins. 

4 feet 6 ins. X f (or ^ 7) =: 7J ins. nearly. 


Circumference 14 feet Ij ins. nearly. 

SxttmjiB 4.—'To find the circumferenoe of a wheel whose radius is 11 ini»l>«»i»- 

——— = 694 nearly. 

The circnmfercnce of an ellipse is that of a cirdc whoee diameter is a mean between 
the two axes of the ellipse. 

JSmsip^ 5.—^To find the circumference of an ellipse having a longer axis 18 ins., and 

Ifl Jim 12 

a shorter axis 12 ins. Mean—= Idins. X 3-1416 = 47*124 ins. or 3 feet Hi ins. 

_ £ 

The converse operation of finding the diameter of a circle having a given circuin- 
ibrcncc is, 

JRule .—^Divide the drcomfcrence by 3-1416, or multiply it by *31831, the reciprocal ' 
of 3*1416. 

ExampU 6.—^To find the diameter of a pulley whoee circumference ia 14 feet IJ in. 
or 169-625 ins. 

or 169*625 X *31831 = 54 ins. nearly. 

The following approximation is generally sufficiently seen for practical purposes. 

Multiply the circumference by 7 and divide by 22, the quotient is the diameU-r. ' 
Exmgtle 7. —^To find the diameter of a wheel having 23 teeth, each of 3 ins. pitch. 

23 X 3 ins. = 09 »»«- the circumference of the pitch circle, and 22 '”' ” 22 ins. nearly. 

The pitch radius ia 4 of 22 ins. = 11 ins. 

Msksubatiom or Sitfebxtcies. 

The object of Mensuration of Snperfitues is to discover the number of square units 
in a fignre, Um form and dimennonaof whose boundary are known. The simplest kind 
of figure is that bounded by three straight lines, the triangle. 

To find the area of a triangle. 

JBufe.—Multiply the length of any one of the eidea by that of tho perpendicular lot 
ftU upon it from the opposite angle (ot, briefly, multiply the base by the height), and 
Bake the result. 

EmmpU 1.—^Tofindtheareaofatriengilehavingbaae2feet3ins.,endheightlfoot8ins. 

27 X 20 

2feet8inB. = 27lns.aattlfeot8ins. = 20ins. Area, —^-=s270Bq. ins. 

' ffinmyrfir 2.—To find the area of a triangular field, having bate 23 ohaine 8 links, 
and height 14 chains 78 links. 
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23 08 oh. X 14 73 ch. ^ 339 * 96 g 4 gq. chains; or 33*99684 acres, very nearly 34 acrex. 

A 

The parallologram is a figure bounded by four straight lines, the opporite sides being 
equal and parallel to one another. When the ang^ of the parallelogram are right 
angles, or, as it is said in ordinary language, when the sides are square to one another, 
the figure is called a rectangle or oblong. 

To find the area of a parallelogram. 

Jfids.—Multiply the base by the peipcndicnlor height.—When the figure is au 
oblong, we say, multiply the length by the breadth. 

Example 3.—To find the area of a parallelogram, base 2 feet 3 ins., height 1 foot 8 ins. 

27 ins. X 20 ins. = 540 sq. ins. 

Example 4.—To find the surface of a cylinder, diameter 4 feet, length 14 fbet. 

The surface of a cylinder, if developed or unrolled, would form a rectangle whose 
length is the length of the cylinder, and breadth the circumference. Its area is there¬ 
fore found by multiplying the length by the diameter, and by 3^. 

14 feet X 4 feet X 3f = 176 sq. feet. 

The trapezoid is a figure bounded by four straight lines, two of which are parallel. 
To find the area of a trapezoid. 

Rule. —blultiply half the sum of the two parallel sides by their perpendicular 
distance apart. 

Example 5.—llcquircd the area of a trapezoid having parallel sides, res|>ectively 5 feet 

6-4-7 

and 7 feet, 3 feet apart. ^ 3 = 18 sq. ft. 

Any figure bounded by straight lines may be divided into triangles; and the sum of 
the areas ol all tlic triangles into which it is divided, is the area of the whole figure. 

Of surfaces bounded by curved lines, the most regular and frequent is the cirdc. 

To find the area of a circle. 

Rule. —Multiply the 8<jaarc of the diameter by *7854. Or, multiply the circum¬ 
ference by the radius, and halve the product. 

Example 6.—llequired the area of a circle 4 ft. diam. 4 X 4 X *7854= 12*5664 sq. :*. 
Otherwise, the radius is 2 feet, and the circumference is 4 X 3*1416 = 12*5664, 

and the area is---= 12*5664 sq. ft. 

A 

The following method furnishes a near approximation to the area. 

Rule. —Multiply the diameter by itself. 

Take half the product, to which add its half, and the seventh part of that half.* 
Example 7.—Eequired the area of a circle 4 feet diameter. 

4 X 4 = 16 and ^ of 16 = 8 
J of 8 = 4 
I of 4 = 0*67 

Area 12*57 sq. ft. nearly. 


* This approximate rule is thus derived:— 

Since | decimally is *5000 

I of *5000 = *9500 

f of *2500 = *0357 

Their sum = *7867 

whidi is nearly equal to *7854, the ytaptsT multiplier of the square of the diameter. 
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Jirmm^t 8 .-^B 0 quired the area of a circle 37 1 ins- diametor. 

87} or 37’62o X 37*628 r= 1415*64 sq. ini. 
I of 1415*64 =: 707*82 naarlf. 
i of 707-82 == 353*91 
i of 353*91 = 60*56 


Area 

The oonect area ia 


1112*29 nearlj. 
1111*84 


Error in the approximate method 0*45 sq. ins. 

The couTcrso operation of finding the diameter of a circle rrhen its area is given, is 
the foUoiring:— 

Suit .—Divide the area by *7854, or multiply the area by 1*273 (the reciprocal of 
*7854}, and extract the square root of the result. 

Eaumple 9.—Required the diameter of a circle having 12*5664 sq. A., area. 

* ./ ■ or 12*5664 X 1*273 = 16; and the square root of 16 is 4 feet. 

*7804 

Approximate method. 

St ^.—To the given area, add its fourth part, and i\;th of that fourth, or the fourth 
\rith one decimal place pointed off, and extract the square root.* 

£xampU 10.—Required the diameter of a circle whose area is 1111*84 sq. ins. 

Area = 1111*84 
Add I of 1111-84 = 277 96 
i\i of 277*96 = 27*796 

1417-596 

-The square root of which is 37*65, or 

' 37i inches nearly. 

' The area of on ellipse is *7854 times 

/ the product of its two axes. 

/ Sxampitll .—Required the area of 

• an ellipse whose axes arc 2 feet 3 inches 

Wj and 1 foot 8 inches respectively. 

' c % 27in8.X20in8. X'7854=424*116sq.in. 

The area of a sector of a circle CAB 
/ is the same part of the area of the whole 
\ ^ circle, as the aro of the acetor AB ia of 

. the whole circumference. 

''•*_ Example 12.—Required the area of a 

Fig.272. sector; radius 12ins., and aro 67“ 30'. 


* This rule Bbe the former is thus derived,— 

1 == 1*000 
i of 1 = 0*260 
i of 0*25 = 0*026 


1*275, which is nearly 1*273. 
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The lAuihoe of e wd» may be doTeloped^ or unrolkd, into tho fom of a sector f)£ a 
(arde, and its area found by tho rule. Or thue, 

Jfole.’^Hultiply tho diainetcr of the baao by the length of the aide (from tho apex 
to the edge of the base), and by 1*5708. 

Jfresijifr 14.<—Hoquired the surface of a ctme, having a base 12 inches in diameter, 
and 18 inohes length of aide. 

12 X 18 X 1-5708 =: 339*2928. 

Theaurfooc of a sidiereis 4 times that of any of its circular sections passing through 
the centre. Hence, to compute the surface of a sphere— 

Multiply the square of tho diameter by 3*1416. 

Example 15.—Bequired tho surface of a sphere 18 inches diameter. 

18 X 18 X 3*1416 = 1017*8784 square inches. 

MnNsraATioK op Solids. 

By mensuration of solids<«'e discover tho number of cubic units in a body of given 
form and dimensions. A parollelopipcd, or prism, has two opposite sides equal and 
parallel to one another. Either of these is called a base, and their perpendicular dis- 
tanoe apart is called the height or altitude of tlie prism. A cylinder has a circular base. 

For finding the solid contents of a prism or cylinder. 

BmU .—^Multiply the area of the base by the height. 

JEsamph 1.—B^uired the capacity of a cisUrn, whose base is a rectangle 4 iectlong 
by 8 feet wide, and whose height is 2 feet 6 inches. 

Area of base 4 X 3 X 2| height = 30 cub. feet, or 30 X 6*2321 =: 187 gals, nearly. 

Example 2.—^Required the solid contents of a roller 22 ins. diameter and 42 ins. long. 

Area of base 22 x 22 X *7854 X 42 = 15965*6 cubic inches. 

'When the prism or the cylinder is hollow, 

Bede .—Subtract the area of the internal port of the hose from that of tho whole base, 
and multiply by the height. 

Example 3.—Required the weight of a cast-iron hollow cylinder 5 feet high and 
30 it>ehiei diameter internally, having metal 1 inch thick (reckoning 3*8 cubic inches of 
cast-iron equivalmitto 1 lb.). The external diameter is the internal diameter increased 
by twice Uie thicknees oi metal; it is therefore 32 inches, and its area would be 
G2 X 42 X *7854. Tho area of the internal would be 30 X 30 X *7854; ond, sub¬ 
tracting, we have (32 X 32 — 30 X 30) X ‘7854 = 97*436 sq. in:dies for the area of 
the section of metaL The solid contents are 97*436 X 60 ins. = 5846*16 cub. ins., and 

~ 1538*46 Ihs., or IScwt 2qni. 26Hbs. "When tho diameter of a hollow 
3*8 

cylinder ia large in propmrtion to the thickness of its material, as in the case of a boiler, 
which may be seversl feet in diameter, while tho thickness of its metal is less than half 
an we may multiply the area of ita surface by the thickness of material to ascer¬ 

tain the quantity of materiaL 

Boilers are generally of wroug^t-iron plate; and it happens that a square foot 
jpfinm plate ^thof an inch thick weighs 5 lbs. In orderto ascertain the weight in pounds 
of a wrouglit-inm boiler ^th of an indi thick, we should then have to multiply its sur¬ 
face by 5; and were the thickness Ithsor ^th, we diould multiply by 2 X 5 or 10; for 
tMckneas fibs, multiply by 3 X 3 or 15, and so on. But in ooiutructing boilers, there 
are many platea used, whi^ overlap eai^ other at their joints, and at the corners there 
are anglc-irone, and numerous rivets arc used to make the joints tight. Making allow- 
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ance for all theae additions to tlie weighty we may estimate the weight per superfleul 
foot at about dibs, for eToiy ^tb of an inch in thicknesBy or Slbs. for every an 
inch. Again, as riv is nearly t\jtb, wo may roughly approximate the weight in cwta. 
by iho following rule:— 

Suh .—^Multiply the surface (in square feet) by the thickness (in ^ths of an inch), 
and divide by 20 for the weight (in cwts.). 

JBxatnple 4.—Bequired the weight of a Cornish boiler, external diameter 4 feety 
diameter of flue-tube 2 feet, length 12 feet, thickness f i\f of an inch (or 3| eighths of 
an inch). 

Extomal circumference . 4 X 3f 

Circumference of flue 2 x 

nearly lensrtli surface of casing and flne^ 

Both . . . . 6 X 3f = 18-9 X 12 = 226*8 

Area of end of boiler 4 X 4 X *7854 
Area of flue . . 2 X 2 X *7854 

surface of ends. 

Difiercnco 12 X *7854 = 9*4 X 2 (ends) = 18*6 

246*6 total surfhoe. 

The cubic contents of a sphere is irds of that of a cylinder of the same diamoter and 
altitude. But the altitude being equal to the diameter, and §rds of *7864 being *6236, 
the contents of the sphere may be found by the following method 

Huh. —Multiply the cube of the diameter by *5236. 

Example 5. — Bequired the number of cubic inches in a ball 12 inches diameter. 

12 X 12 X 12X *5236 = 904*7808 cubic inches. 

'When the sphere is hollow, 

jluh .—Subtract the cube of the internal diameter from the cube of the external dia¬ 
meter, and multiply by *5236. 

Examph 6.—Required the weight of a hollow ball of iron, 30 inches diameter exter¬ 
nally, metal 1^ inch thick, reckoning 3*8 cubic inches to the pound. 

External diameter 30 X 30 X 30 = 27000 cubed 
Internal diameter 27 X 27 X 27 = 19683 

7317 

And = 1008 lbs. or 9 owt 

3*8 

The cubic contents of a cone is |rd of that of a cylinder of equal base and altitude. ' 
ITonce, to find the content of a cone 

Huh .—Multiply the square of the base by the height and by *2618. 

Examph 7.—Required the solid contents of a cone, having a base 18 inches duuneter, 
and a height of 22 inches. 

18 X 16 X 22 X *2618= 1866*11 cubic inches. 

The solids with which the practical mechanic has to deal are chiefly those called 
s(dids of revdiution, or such as may he conceived to be produced by thtf^revdUition of 
some flgure round an Any work that is formed in a turning-lathe is a solid of 
revolutiem. An imaginary lino extending between the centres of the lathe is the azia; 
and if the solid were out across by a plane passing through this line, the section or eur- 
faco exposed on the removal of the half cut off is symmetrical on each side of the axis or 
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MBtre lide. Ona-^alf this s 3 n&metriosl figure, or the part lying on either side of the 
sxiS) is called the generating figure. Thus, a cylinder is generated by the revolution (tf 
an ehlong or motaagle round one nde. A cone is generated by the revolution of a right- 
angled trian;^ round its perpendicular. A sphere is generated by the revolution of a 
semicircle round its diameter. A spindle, by the revolution of a segment of a circle, or 
other curve, round its chord. In the same vray, other mathematical figures, such as the 
ellipse, er the parabola, are capable of producing solids of revolution by causing them to 
revnhre round their sxes. When the ellipse is supposed to revolve round its shorter 
avin, the solid produced is ealled an oblato or shoTt$;nod spheroid; when it revolves 
round its longer axis, the solid is an oblong spberoid. The parabola, by revolution, pro¬ 
duces the paraboloid. 

There are singular relations among somo of these solids of revolution, ono of which 
it is useful to remcm- ^ . 

her. If ABED re- 
preamtt the section of 
a cylinder, whose base 
has a diameter A B dou¬ 
ble its height, or axis, 

C F,<—AFB the section 
of a cone on the same 
base, and of the same 
height with the cylin¬ 
der—-A G F H B the sec¬ 
tion of half a sphere,— 
and A K F L B the sec¬ 
tion ofa paraboloid ; then 

The solid contents of the cone is (rd of that f>f the cylinder. 

„ „ hemisphere is j(rd8 „ „ 

,, „ paraboloid is ^ „ ,, 

As the paraboloid comes midway between the cone and the hemisphere in form of 
section, so its capacity comes midway between them in amount. In many cases of men¬ 
suration of solids of revolution, when the form of section is something between that of 
a cone and of a hemisphere, it may be taken as a paraboloid, and its capacity may bo 



found thus 

StUe .—Square the diameter of the base, multiply by tbo height and by 3927 (half 
of *7854). Or, multiply the area of the base by half the height. 

jExtmph 8.—Bequired the solid content of s parsboloid, base 2 feet 6 indies dia¬ 
meter, height 1 foot 8 inches diameter. 

Area of a circle 2 feet 6 inches, or 30 inches diameter, 707 square inches, nearly. 
Half of 1 foot 8 inches, or 20 inches.10 


Solid'Content 7070 cubic inches. 

» In genet^ the capacity of any soCd of revolution may be found by multiplying 
the area of i^generating figure by the circumference described by the centre of gravity 
of figure. In a ring, for instaneo, generated by the rev^dution of a circle ronnd 
soine oentre without it, if we know the diameter of its gonersting oirde or section, and 
the ^H*""** of its centre from that ronnd which it revolves, we can compute its solid 
c oa tw* s , as we may diow by an example. 
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Example 9.—A ring of circular section meaaiirea 10 ins. external diameter, and 6 

internal: required its solid___ 

contents. Subtracting 6 from I ^ 

10, there are left 4 ins., which 
must be double the diameter 
of the ring’s section, giving 2 
ins. as the actual diameter of 
the section, which has there¬ 
fore an area 2 X 2 X *7^54 
= 3*1416 sq. ins. Again, 
adding 6 to 10, and taking 
half, we get 8 ins. as tlie 
distance between A and B (Fig. 273), the centres of the circular sections, and the cir- 
cumfcrcnnc of a circle 8 ins. diam. is 8 X 3 1416 = 25*1328 ins. The solid content 
of the ring is therefore 3*1416 sq. ins. X 2.5*1328 ins. = 78*9572 cub. ins. In this 
particular ease, it happens that the centre of gravity of the section coincides with the 
centre of figure. When this is not the case, th'* position of the centre of gravity may 
readily be found by the following mechanical process :— 

Draw upon a card or piece of thin wood, or plate of metal such as zinc, the figure, 

, either of its full size or to any con- 

voiiiunt scale; and having cut it out to 
the shape, moke two small holes in it, 
such as A and C (Fig. 274). Suspend 
it by a thread from one of the holes, and 
along the face of it let a plumb-line 
hang and mark B, the point where the 
plumb-line crosses its edge, tracing a 
line AB coinciding with the plumb- 
line. Suspend it now by the other 
hole C, with the plumb-line crossing 
the line formerly traced at D. This 
point is the centre of gravity of the 
figure, or the point round which all 
ports arc balanced. The position of the 
centre of gravity thus ascertained may 
l>c laid down upon the drawing of the 
work to bo estimated, and the solid content may be found by the rule we have given. 

For the measurement of a solid of irregular form, tho most convenient method is to 
suppose it divided by numerous parallel planes into sections of equal thickness,—'to 
measure tho area of each of those sections, and find tho mean or average of them by 
summing them oU and dividing by their number. This average area multiplied by tho 
total thickness, measured perpendicularly across the planes of section, will givo the solid 
content. In many cases of the measurement of cylindrical bodies, su ch ^^s timber or 
round bars of mot^ it is more convenient to use the girth or ciroumference as a known 
dimension for estimating tho cubic contents. A near approximation to tho capacity 
may bo made thus 

£ule. —^Multiply the square of the girth by the length, and by 8, and point off two 
decimal places. 
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Egmmph 10.<—Bequired tho cubic ecmtent* of a round log, haring an arerage girth 
of 6 ft. 3 ins., and 12 ft. long. 6 ft. 3 ins. dccimallj expressed, is 6*23, and 6*23 X 
6*23 X 12 X 8 = 3750. Pointing off taro decimal places, tho solid content is 87*3 
cuh. ft. The ordinary rule for timber gires a considerably smaller result, and is 
iataaded not to furnish the accurate contents, but the contents estimated according to 
trade custens. It is, 

Multiiily the aquara of the giith by tho length. 

According to tint role, the eontents of the log in JSxamjtle 10 would be (|th of 6*23 
being r3C2J) l*5C2o X 1*3623 X 12 = 20*3 cubic feet. 


Dl'OURClUALS. 


I 


In the mensuration of surfaces and sulids, a system of computation is frequently 
adopted, called the duodecimal system, bi.'i-ause the notation is reckoned by twelres 
(Latin duodreim), instead of tho ordinary' decimal scale of tens (Intin dectm). 

According to the duodecimal system, a square fo<tt is supposed to be divided into 
12 equal parts, each containing 12 square inches ; and rncli of those parts again into 
tarelfths, each I square inch ; and these again into tu'c-Ifths. So, also, a cubic foot is 
dirided into 12 equal parts, cnch 14-1 cubic inches; each of those into 12 parts, each 
12 cubic inches; and each of those into 12 parts, each 1 cubic inch. To multiply a 
certain number of feet and inches by some other number of feet aud inches, the one 
quantity is written below tho other, as in ordinary multiplication. 

1, The inches are multiplied by inches, the pniduct divided by twelve, the n'mainder 
written one place back from the inches, and the quotient carried to the next oiK-ratitm. 

2. The feet are multiplied by inclu-s, and the number eanied from the former 
operation added, the result divided by twelve, the lemainder written in the ]>laec of 


inches, and the quotient written in the place of feet. 

3. The inches are multiplied by feet, the result diviJcMl by twelve, the remainder 
written in the place of inches, and the quotient carried. 

4. The fi'ct are multiplied by feet and the carried number added, and the whole 
written in tho place of feet. 

5. The results of the two multiplications arc added, carrying by twelves. 

For cubing, the same process is repeated, remcnibering that in the cuticd result, or 
the result of multiplying three quantities of feet and inches, there are four places,—ns., 
cubic feet; twelfths, each 144 cubic inches; twelfths of twelfths, each 12 cubic inches; 
and cubic mebes. 

ExmnpU ,—Bequired the cubic contents of a cistc‘rn, the base of which is 4 ft. 8 ins. 
Icmg by 3 ft 10 ins. wide, and the height 3 ft. 7 ins. 

We ffrst find the area of the base. 


4 ft. 8 in. 
3 10 


80 


Operation. 8 ins. X 10 ins. =: 80 sq. ins. and — 8 1*^* 8 '®* 


3e. 103. 8o. 
14s. 0</. 


carry 6 and write 8, a, 

46 

4ft. X 10mi.=40,add6 = 46,imd~=3ft.l0pts.V. 

24 

Sins. X 8ft. = 24, and 2ft. Opts. 

carry 2, and writs 0, W, 

4 ft. X 8 ft. ss 12 ft., add 2,14 ft., 9 * 

Sum the tw’o lines. 


17ft. lOpts. Bins. 



EfirrnrATED weight or jhffereet boeim. 


We now multiply the area of baM by tiie height, 
it. pfe. ina. 


Area 17 10 8 
6 7 


90 10 6 8 


Operation. 8 X 7 = 56, and j^^=4|ft 8ins.,carry4. 

10 X 7 + 4 = 74, and =6ft.2inB.,GaiTy6. 
17 X 7 + 6 = 125, and lOftSins. 

lJi 

8 X 5 = 40, and ^ = 3ft tins.,cany 3. 


10 X 5 4* 3 = 53, and — =4ft-Sins., cany4. 
17 X 5 -f- 4 = 89. Sum the lines. 

The cubic contents .are therefore 

99 cub. ft. 10 twelfths, G hundred and forty-fourths, 8 cub. ins., or 99 ft. 1520 cub. ins., 
because .10 twelfths, each of 144 cubic inches . . . = 1440 cubic inches. 

6 hundred and forty-fourtlis, each 12 cub. ins. = 72 „ 

8 cubic inches. 8 „ 


Water is i^ncrally taken as the standaid of specific graA'ity, and it fortunately 
happens that 1 cubic foot of watiT weighs A'ery nearly 1000 ounces. By reference to 
any tuhlc of specific gi'avitics, tlie weight of a cubic foot of each material is given 
iu ounces; and from this may be readily derived— 

1. The weight of 1 cubic foot in lbs., A'iz. -j^eth of the specific gravity or weight in 
oz., because 1 oz. =. ,\|th of 1 lb. 

2. The weight of 1 cubic inch in ounces—viz., the specific gravity divided by 1728, 
because there are 1728 cubic inches in 1 cubic foot—and the weight of 1 cubic inch, in 
lbs., A-’z. the specific gravity divided by 1728 and the quotient by 16, or the specific 
gravity divided by 27G48. 

3. The number of cubic inches in lib., viz. 16 times 1728, or 27648 divided by 
the specific gravity. 

4. The number of cubic feet in 1 ton, viz. 2240 lbs. X 16 oz., or 35840 oz. divided 
by the specific gravity. 

JExamph 1.—llcquircd the weight in lbs. of 7 cubic feet of English oak. 

Spec. grav. %0 ^ y __ 393* lbs., or 3 cwt 2 qr. Iflbs, 
lo 

JEsample 2.—Bequired the weight of 178 cubic inches of cast-iron. 

Spec. gray. ^ 

1728 

JExatnple 3.—BeqAiired the number of cubic inches in 2 cwt. (or 224lbs.) of gon- 
metol. 

g-■ X 224 = 703| cubic inches. 

Spec. grav. 8800 

Example 4.—Required the number of cubic feet in 20 tons of granite. 

apec. 2700 
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In estimating the nreight of ▼ronght-iron ojlindrical ban, the foUoiring method is 
a Terjr near approximation 

—Square the diameter reduced to eighths of an inch, multiply hy the length 
in feet and by 4f, and point off two decimal places fur the weight in lbs. 

JSjutmph 1.—Kequired the weight of a bar of wrought>iron 5| ins. diameter ai<d 
7 ft. 7 ins. long. 

51 ins. rr 47 eighths, and 7 ft 7 ins. = 7i’'g A. 

47 X 47 X X 41 = 69401. 

The weight is therefore 694 lbs., or 6cwt. Oqr. 22 lbs. 

For wrought-iron bars of rectangular section:—The widths of th^ advance by 
quarters, and the thickness by eighths of an inch. 

Bale .—Multiply the breadth in quarters of an inch hy the thickness in eighths, by 
tl.c length in feet and by 10|, and point off two decimal places for the weight in lbs. 

Example 2.—Hequired the wcigltt of a bar of wrought-iron 2{ ins. wide, il in. thick, 
and 3 feet long. 

Width 9 qrs. X thickness 3 eighths X length 3 A. X 10^ = 8d0; thcrt'fore the 
weight is 8‘5 lbs. 

For wrought-iron plates. 

Bale ,—Multiply the area in square feet by the thickness in eighths of an inch, ami 
by 5 for the weight in Ihs. 

Example 3.—Hequired Uie weight of 123 square feet of boDcr-plate | in. thick. 

Thickness ^ or 2f eighths of an inch, 

123 X 2| X 6 = 1538 lbs., or 13cwt. Iqr. 21 lbs. 

For cast-iron halls. 

Bale .—To the cube of half the diameter (in inches) odd its eleventh part for tlie 
weight in lbs. 

Example 4.—Required the weight of a cast-iron ball 6 ins. diameter. Half the* 
diameter is 3 ins. 

And 3 X 3 X 3 . . = 27 

Add onc-clevcnth of 27 = 2 5 

Weight 29*5 lbs. 


The practical mechanic who has frequent occasion fur calculations as to weights, 
volumes, and strengths of materials, would do well to provide himself with some of the 
published tables of squares, cubes, areas, and circumferences of circles, weights, and 
the like. These tables are useful in abridging tbc labour of calculation, and in 
diminishing the chances of error; but as it often happens that such books of reforencs 
are not accessible at the time a computation may be required, it is well ihat he should 
be prepared with some of the simple rules given above, and that ho should bear in his 
memory a few of the numerical values of the gravity and other propertiea of some of 
the materiala moat generally used, such as iron, gun-mctal, and timber. 
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Breaat-wbcel, ita description aee ace oe* eeoe ee eee SIS 
Breast-uhee), terminology.................. 841 

BreasPwheel, where appUeablf .. 848 

Breexe, vcloci^ and preasure ef fteee eew eae 814 
Brick bnUding, bow high might he safely 

earrlcd • eaoaa aeeeaeaeaeeeeos aaa aeaeeaeee aeoeeeeeeeoo 874 

Brick-making by steam eeeWH •••oe* ••• aee 488 
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rA9* 

Brielci, efitet of eompraMinc 273 

Bricks, experimems on enisning M....274,27S 
Bricks, machinery for pnparing OOOOOSMO ••• 236 

Brickwork eolnmns, enpmmenU on. 276 

Bridge (tubular) ......282, 290 

Bridges formed of Iron pUtes ees eeeOMaseoss 290 
Britannia tubular brkige ..282, 290 

Brittleness eeeaeeeee *00 eeeeeo eoeoMeeaeoe seeeeewaeoM 18 

Bromine. 8 

Bromine, solid, liquid, and abrlform ...... 0 

Brunei's tabular bridge eeoeeesse eeseeaeoe oeO 290 

Buckets, chain of. 337 

Buckets of Persian wheel. 348 

Buckets in water wheels .332, 333, 357 

Buckling, how to prevent brams from ... 289 
Building, how high might be safely car¬ 
ried . 274 

Building materials, experiments on 

crushing. 274 

Building materials, experiments upon 

strength . 272 

Building materials, influence of pressure 274 

Bursting strain. 263 

Bushes, an apparatus in macliinery . 442 

nushes, methiid of making . 478 

Button-headed rivets in steam boilers ,.. 377 


C. 


Cables, hempen, experiments on their 

strength . 264 

Calculating, machinery for . 236 

Calic<i.printiiig miichinery. 236 

Cuinlicr, or amount of arching in beams. 286 

CaTiie), as a moving force . 311 

Camphor soluble in spirit . 26 

Cams, an apparatus to more valves . 401 

Cams, their action . 464 

Canal works, scales employed fur itlaus... 260 

Catuasof windmills . 322 

Caoutchouc, vulcanised, the valves of 

condenser made of . 420 

Caoutchouc, machinery for preparing ... 235 

Capacity of an irregular vessel. 177 

Capillarity, a inanifesiatiou of electric 

force. 194 

C.apillary attraction and repulsion ......192,193 

Capillary attraction, its action in oil 

apparatus. 442 

Capillary attraction opposes that of 
gravity... 189 


Capstans, the flrictiou of ropes or cliains. 480 

Carbon. 8 

Carbon and nitrogen, a compound in 

which metals bum. 4 

Carbonate of lime. 6 

Carbonic acid difliiscs itself through hy¬ 
drogen . 21 

% Catbonie acid in a liquid and solid state.. 5 

Carding moohinery . 236 

Carlisle’s, and Micliolson's method of 
analysing water... 3 


Carriages, method of arresting *«a*«s oseeae 475 
Carrying loads, elephant employed......... SI I 

Case-haidening eeease esepM aeoeeaseoaesea* ass •#•••• 478 

Cast-iron, strength of.... 267 

Castings of iron, oontraot in cooling flrom 

molten state •eawaa aaaoM eaaaaaoMaaaeae eea eee aea 289 


Chsting metals, machinery............... 286 

Catalysla aaaeea eaeeeeaeaeae eaeseaasaaae assoee ees oca OM ft 

Catgut used for cords to drive machinery 448 
Cauierine-wlied, Its prineipie i^ied to 
turbines 843 

Canlking the rivets In steam-boilers 877 
Csvendish’s,(Mr.), experiment on attrae- 

tion eoaaee aaa aeoooa aen—f eoo aaeeeeai . 12 

Cements, maehtner]r fbr preparing........ 238 

Centigrade scale of temperature ......... 487 

Central lines in drawings ............... 251 

Centrifugal force. 148 

Chain as unit of measurement ........ 260 

Chain employed to strengthen beams..... 292 

Chain, rules for computing the strength 271 

Chain, the shearing strain on pins. 806 

Chain to turn wheels .. 120 

Chains, their friction seaaaaeeoaoaeeasee eeaaa* eaa 480 

Chalk, crushing pressure .. 275 

Change-waterspparatus in marine boilers 379 
Channels for conveying water to mills 342, 243 


Charcoal, its absorbing power ■ ■«ses■••••e oee 21 
Chariots propelled by means of sails .... 319 

AC dU.tt 


VliCdUI«;ai AtUIllVJ .. auu IVIle 

Chemical action as a power . 359 

Chemical action, a source of mechanical 

power. 30e 

Chemical action a source of power ........ 232 

Chemical affinity... 18 

Chemical equivalents. 26 

Chemistiy connected with mechanics ... 237 

Chimney of a steam-boiler . 378 

Chladni's experiment! on vibrations. 22 

Chlorine. 3 

Chlorine the only gas hitherto converted 

into a liquid . 6 

Circle, dividing the........469, 489 

Circular motion . 143 

Circular sections have not so great tor¬ 
sive strength as square . Sns 

Clrrumferei ce, how to find the . 489 

Clay excavating, power developed........ 311 

Clay, ita elasticity .23, 24 

Cleavage. 30 

Clepsydra, or water-clock. 20il 


Clock . 40 

Clock machinery. 353 

Clock, magic. 92 

Clock, striking apparatus. 354 

Clock, water. 200 

Clock-work, its power . 233 

Clocks are the most ingenious devices for 

regulating power... 235 

Clutch friction. 466 

Clutch to couple or uncouple shafts ...... 440 

Cocks in the steam-engine described... 866 


Cohesion.. 19 

Cohesion between solids and fluids ...... 19 


Cohesive attraction follows a regulat law 272 

Coil of rope, its (riction.. 480 

Coiladon’s experiments on eonveyanee of 

sound . 22 

Collision of bodim oaoeeoeeosMeoeo^oooo ooeaoeaee 154 

Colouring drawings.... 250 

Columbus, hla equilibrium of an egg ... 88 

Column! of brickwork, experiments...... 274 

Columns of east-iron, their strength..... 274 
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Mas 

Colaonw «f otana, ospcriraMto iu 

CMaBii«af«ae4,«qitilineBUonatiaBftli 374 

CombtaMt oscIhm . 433 

CvbmU, tMr MOllan. 36 

Conpw^ s diswliiit lastnuiMBt MO 

CoiBposastO iii I0tc9 43 

GoaiprOMiMUty of bodta 13 

OoMptfOMfOB ■■■«»«•»«»—■•••••—»—■*» 373 
C — B p rw ten, rffoeu of 385 

OosipNstlon. exporlmosto Imto m yot 

•taown no Tosawr law .. 373 

Compmtiont infloeseo of height .. 373 

COnpreuion ^ olutie fluids . 3o3 

Ceuipmslon of fibres in beoms.377, 370 

Compression of materials.301,373, 3W 

Concave surfaces, fluid pressure on ...... 171 

Condensation of steam . Si,6 

Condenser In a steam engine .419,430 

Condenser of air.319, 430 

Condensing steara>engiaea. Set Steam* 
engines. 

Cone ascending an ineiined plane ......... 83 

Cone drawing ....» 310 

Cone frustrum, developed in drawing .» 2 >9 

Cone, to find its centre of graviijr . 98 

Cone vessel, fluid pressure in a .. 171 

Cones, projection of the shadows of . 233 

Conical putlcjrs. their actio... 413 

Couieal surface developed in drawing ... 343 
Cminecitng-rod, fork.end; sirap-ej-c, 

393, 396. 397 

Conatruetion, elegance of . 328 

Contracti'tn of cast-iron in cooling.. 289 

Copernicus’s hypoliiesis on the motion of 
planets sooooosaooossoosso^asosssso OO* ssa*aa»«« ooo ••• 38 

Copper... 3 

Copper, alloyed with tin, used to di¬ 
mmish friction. 396 

Copper bars, experiments on their 

strength. 263 

Copper (cast), data for calculating the 

strength. 2C7 

Copper, crushing pressure.^. 273 

Copper, its speeifte (Cavity. 12 

Copper leaf, how thin can be beaten .9, 10 

Copiier, table of torsive strength.. 303 

Copper, (wronglit) data for calculating the 

strength of. 387 

Cordage making machinery . 338 

Cords . 98 

Cords flexible . 41 

Cords used for conveying motion.,. 448 

Cork, its specific gravity. 12: elasticity... 33 

Com thrashing and winnowing by steam 432 

Cornish hotter. 373, 375 

Cornish engines. 423, 429 

Cornish granite. 275, 477 

Corrogating adds to the stilTness of plates 290 
Cost (economy of), the cliief study of me* 

clianics. 238 

Gotes’s calculation of the weight of the 

atmosphere.. 212 

Cotton, machinery for preparing. 336 

Cotton manufacture, one hone-power Buf- 

' flclent for 100 spindles . 481 

Cotton spun into a thread l-400th part of 

an ineii in diameter.. 0 

Couples, theory of. 64-79 

Coupling by friction ao* os* (•■•eeeoa aos ewoMaosa 473 
CoopUag rods, a manner of • ssacooeoooonao om 306 


aon 

ConpUng shafts described «o« Me «so *•••«« 481 
Crab, a machine SM ••• eas t aooea nee eoe*s n ««afM •** 3W 
Crane, a machine for raising wdghtB».». 388 
Crane, Motion break of a .................. 388 

Crane, hydraulic .. 387 

Crane, method of stimping the maohinery 478 

Crane, the ftrictlon of ropes or ehalBS.. 480 

Crank for eon verting motion ...' 468 

Cimnk. its action and conatruetion..3M-3M 

Crank-shaft of a ateam engine, eondltion 

ofroiatlpo. SOS 

Cross-pulleys for reversing motion......... 486 

Crowhar 99 

Crown wheel.... s« e«ee»B ■••essoi .. 118 

Crushing apparatus, elfcets of .. 335,373 

Crushing force, table of experiments. 275 

Crashing ore machinery at mines . 429 

Crystalline force .. 28 

Crystals ...»28, 29, 30 

Cubes, drawing. 239 

Currents of water, computation of.. 328 

Curved Burfaect, projection of the 

shadows. 255 

Curves Intersecting, inode of drawing 219,250 

Curves, projection of . 244 

Curves round, the scales for measuring... 280 

Curving timber, niachiucry. 2.36 

Cutting apparatus . 231 

Cuttings in drawing . 244 

Cyanogen . 4 

Cylinder, apparatus for steam power 382. 387 

Cylinder, drawing. 239 

Cylinder float'ng its equilibrium^. 185 

Cylimlvr of steam engine described... 385, 3S9 
Cylinder, projeetim of the shadows ».... 255 

Cylinder represented geometrieally 
shaded. 257 


D. 


Bam across valleys. 543 

Dam or reservoir of water . .343 

Bam to cheek a stream. 342 

Dam, to find the pressure sustained by a 168 

Davy's analysis of potash and soda . 4 

Day, tidereai.». 40 

Day, solar . 40 

Deal, table of atrsiigth . 398 

Deal white, crushing pressure.. 275 

Decanter, pressure of fluids in the ...». 173 

Deflection of beams under load. 288, 287 

Density... 12, 149 

Desaguller't method for estimating centre 

of gravity. 83—88 

Development, process In drawing . 218 

Diamond broken by a moderate blow. 31 

Dilatability of bodies. 25 

Direction of forces . 44 


Discharge of fluids. See Fluids. 

Distance and time the elements of velo¬ 
city . 231 

Distance travelled, an element for mea¬ 
suring power... 230 

Divider, a drawing inatrument ........... 860 

Dividing moeblnes... 469 

Diving belt • ee ecoeae seaeMSMoea eeeesseea eeoeee sea 219 

DIvIsibllUy of matter.. 6 and foil. 

llocks, pumping in... 480 

Double-beat valve in etcam engines 880 
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rAGE 

DngEliiff loads... Si I 

Drafnago of hiUa collected in leaereolfa.. S43 
Drainage performed by wlndnllla ■oeMMi eao S2fi 
Draining, form of engine employed •Mean 42S 

Draining land by Steam. 4S3 

Dram weight. 39 

Draughtsman should draw all details fUU 

siae .. 260 

Drawing a hexagonal prism aoeeasGueoee eeeeee 243 

Drawing cubes and cylinders. 230 

Drawings full sise. their object . 260 

Drawing Instruments. 258 

Drawing land surveys, what scales are 

used. 260 

Drawing mechanical, its objects237, 240 

Drawing pens . 260 

Drawing sections... 242 

Drawing side elevations . 242 

Drawing solids. 253 

Drawing squares. 258 

Drawing teeth of wheels. Rules . 454 

Drawing the exterior of solid bodies. 241 

Drawing the interior of bodies. 241 

Drawing unfolded surfaces . 247 

Drawfings (working), what are. 251 

Drilling machinery. 230 

Driving machinery. 431 

l)ruin to convey motion. 443 

Drunken thread of a screw, what is. 245 

D-blidf in steam-engines . 387 

Dticlirti la's demonstration of the paral¬ 
lelogram of forces . 47 

Diitrochct discovers some curious pheiio- 

mciia . 20 

Dyeing machinery . 2:6 

D) iiiiinical am! statical mechanics.. 227 

Dynamics .33,129, and fol. 

Dynamics, momentum of... CO 

Dynaiuunicters. 37,236,474 


nan 

Elemcnto, how deaignated..............„..MM,S7 

Elephant employed for carrying aod dbeag- 

_g««E... 311 

Elevationa, drawing.......241,244 

Ellipse dsMiibed eoe aee oM oee oeeGoa eeo oco so* eoe 470 

Ellipse employed for gearing •e« a sw eoe aee eoa 470 

Elm, crushing preetnie.. 275 

Elm, table of strength...... 298 

Embankment, how to be eonttrueted..... 170 

Emery in polishing suiCsees.... 478 

Endosmose.... 20 

Engine acting by decompoettlon of water 359 

Eninneet's object • eeaaa as* ••••#• eeveeeooa ae4e»eec# 228 

Engines are the products of dynamical 

mechanics. 228 

Engines (steam). (5ec Steam-engines.) 

Envelopment, process in drawing.. 248 

Equator, force of gravity.146, 160 

Equatorial diameter of the earth... 160 

Equilibrium neutral in floating bodies ... 185 

Equilibrium of a floating body. 183 

Equilibrium of a material particle......... 42 

Equilibrium of a rigid body. 57 

Kquililirium of a rotating fluid . 190 

Equilibrium or rest. 35 

Equilibrium, stable and unstable . S3 

Equilibtium, stable in floating bodies 184,185 
Equilibrium, unstable in floating bodies 184,185 

EquiVitlenls, chemical .26,27 

Escapement in a clock . 858 

Escapement wheela, methods for moving 463 
Estuaries, tidal, their mechanical power.. 332 
Etlier rises in vapour at low temperature 13,360 

Excavating, the movement of. 311 

Exciseman's hydrometer to test spirits... 182 

Exosraose . 20 

I'.xpansibility......... ........................ m.m. 18 

Exploding strain. 268 

Extension of materials . 288 

Eyes, their action. 300 


Earth, attracted and attracting . II 

Earth, centrifugal force at the surface ... 146 

Earth, equatorial diameter . 160 

Earth excavating, power developed . 311 

Earth form; it. influence on weight. 12 

Earth nioiion. 37 

Earth once in a fluid state. 118 

Earth polar diameter. loO 

Eccentric, action of the...... ...399,400 

Eccentric adjustment... 409 

Eeceiurlc for converting motion. 463 

Eccentric, the throw of the . 399 

Education, general, should embrace prac¬ 
tical mechanics. 237 

Egyptian architecture, there is not found 

an arch . 226 

Elastieity .18,21 

Elasticity a source of power. 232 

Elastic bodies in eoUisinn . 155 

Elasticity employed for giving motion ... 351 
Elostioity exercised in resisting strain ... 261 

Elasticity la fluids . 162 

Elasticity, modulus of .. ISC 

Eleotrlo telegraph .235, 3S9 

Electrloity a souroe of mocbanical power 309 
Eleetrlcity a source of motive power... 232, 359 

Electricity the cause of oaplUority. 194 

Elementary substoaoes .. 3 


Fabrics, method^ of some gearing used... 471 

Fabrics, textile machinery . 236 

Pace-coupling for shafts. 439 

Palling bodies, th»ir velocity ssa s*« ■•••e« cae 352 

Fan fur producing air blast . 431 

Fan, revolving,to regulate the striking of 

a clock.- 354 

Fanners . 235 

Faraday’s theory as to the constitution 

of matter . 7 

Farming machinery .432,433 

‘ ‘ Feather,” a key for coupling shafts. 439 

Feathering paddle ...- 434 

Feed-pump, liow put in motion .. 393 

Feed-pump of a boiler described ......... 392 

Feet, their action. 369 

Fibre in bodies, what is. 261 

Fibres (tearing asunder) in beams ......... 277 

Fibres, their tension and compreaaloa in 

beams. It77 

Field operations by steam.. 432 

Fingers, their action .. 309 

Fir, data for calculating the strength ... -267 

Fire-engine described.....^218,385 

Fire-grate in a steam-engine.872,378 

Flange to strengthen beams. 

Flanges to strengthen tails .. 289 





































































































yiittiBf boa .. 

Ften ia eua Inm ..«.... S 80 

VUa, Buwhtawf forprepai iiiir.. IM 

ISoaMwaHi, «rstn-preMu» on «. US 

flont fte aWBttidnlng the wnier-ievei in 
bolten sao 

VloatiBg bndy in equiltbriiua IM 

VlaaSbig eguilibrlum ••••aawM ••••••••• IM 

Vlontn, their veloritr ebould not exeicd 
nae>third thm uf tne etewn Ui 

Flood>gate>, to find the preecuie »u»- 
tj^ned by • •• eeeeoe *ee ooeenie ••• oeeeeeeeeeee ee* 168 , 170 

flour, mat hineiy for preparing . XSS 

Plufreorface in a atoam engine.«... S77 

P)ue.ciirfhre in a ateam engine, rulea aa 

to aize. 373 

Fluid diaeharjre, computation or«.193, 198 

fluid, how to aacertain the apeeifle 
grarity of any 176 

Fluid preaaoica 167; in^ualiiy —SS3 
Fluid, rotating, iia eouilinriuni IM 

fluida communiacting through bent 

tubea .. 167 

Fluida diaenarged firom vetaeU kept eon- 

atantly full. 199 

Fluida. elastic or compreaaible. 395 

Fluida, inromprcaaibie, the object of 

bydrodynamica. 195 

fluida. machinery for moving . 333 

nuida. reaisianre of . 3oi 

Fluida, acieuce of. 151 

Fluida, apouiin't .. 196 

Flntda, their cobeaion with auli-ia . 19 

Fluida, their cohetive force. 16 

Fluida, their elaaticity and prea^ure ...170, 363 
Fluida, their velocity through oiiftcea ... 196 

Fluida, velocity with which they flow 

from a*) orifice .. 337 

Fluida which do not intermix, their 

equilihriuni in tubea . 186 

Ftuori'ie. 3 

Fly-wheel in a aieam engine, it* m-tion 

and uaea .3u3, 396, 633 

Foot. 39 

Force ran he created or annihilated by no 

machinery. 395 

Force, centrifugal aoaoaa aaewoa aea aae aee aeeeae H3 

Force, ita measure . 10,37 

Force, ita nature and properties ...1, and foil. 

Force, ha transmission . -ft 

Force, Ita tinny...36 
17oree, living.................................... 157 

Force of gravity. (See dravity.) 

Forca, tangenrial. 146 

Force, the object of dynamical me- 

dianica . 328 

Focce, the sourcea of. 333 

Force. (See also Power ) 

Foreea, aecelciating .«l39.aadfolL 

Forces ate subject to continual vsrlailona 334 
Forces, moment of *eo oee ooo e »e »*• ooo ooo o ao 59 

Forcea, moving . toeoawO >»e ooooeeo—aooewo 148 

FoCccs of chemical aiBnity .. 27 

Forcea, parallel, their eentre SO 

' Fooeea, parallelopiped • •• M»Me OOO eaaooo 50 
Forcoa, polygon of owa ooeeeoooa ooaeeooe* eoe ooo 49 

FooaMbproblems on.«....M»....«.....«....« 54-7 
Fnmoo, resolution of 46 

Fere^ tbeir geometrical rapresootatlon 43 

finef^ tstangls of «.«... m eoooOoeeo 0—000ooo ono 48 


«a oea o— aeooa* eoa o— 


BW i ***> 

*** *..«»«, «»«>.« 318 

Gorging raodiinory ... SSV 

Fork-end in the eonneetlng rod 887 

FonnUina, onumeiitol, kydtanlk mm 
^ opplioobla to 85 | 

Foumeyron’a t urblne--«. 647 

Fraelure of bomna -- 378,364, and foU. 

Freestone, cruahing force.. 275 

£rlctlon... 137, 138. 333,437 

Fnetion a very irregular reaiatonce in 
mnchitiery 363 

Friction as a retarding force 478 

PrieUoii clutch. 468 

Frictinn, co-rRicient of. 077 

Friction-coupliiigc.. 44 O. 473 

Friction employed aa a useful resistance 233 
Fririion employed to stop motion ........ 473 

Friction losses In steam engtnea.«... 413 

Friction of a coll of rope .«.«,...«. 440 

Friction of raeixic upon each other «.... 396 

Fib'iioii on shafu and pulleys.. 479 

Friction aia>a . 473 

Friction table . 477 

Froude'aapparatus lorregulatingrotation 354 

Froiidi’s apparatus fur spring power. 356 

Fuel, consURiption in steam engines 373. 363 
Fuel, lib can convert lulbs. of water 

Into sicaiit. 581 

Fulcrum ... 50 , yp 

Full aUc drawings, their object . 260 

Fulling-mills, iiieihods for moving . 4'>3 

Furlong... 39 

Fiiniace of a steam Iwiler. 376 

Fitritaces, amt Iting, the production of air 

blast. 431 

Fusee to receive the coils of a watch 

spring .. 355 

Funun wi'.liuut decom|K*sitioa....... V 


Gale, velocity and pressure of a. 314 

(ianscnita, the tower at ll>>lagna.«.68 

Gamets and alums . 30 

Gas and 1 apour < the difference tictwern) 5 
Gas, its elasticity proportioned to its den¬ 
sity . 363 

Gaseous bodies. 6 

Gases, elastic fluids .. 163 

Gases, their difTuaton. 31 

Gauge-corks for ascertaining the water- 

level in boilers. 380 

Gauges . 2J6 

Gear (striking), Its use . 446 

Gearing bevel CSC sM OSS Me cc Cases cc ssaesscss ssa see 456 
Gearing;, elliptical sf seas aea css seeM* sss caeace 470 

Gearing for tne latho .. 468 

Gearing, Ita action . 446 

Gearing aquare. 471 

Gib-heads, keys for coupling shafts ....« 439 
Gi'dcrs, best form of section ............. 363 

Girders, cast-iron, usual aecUoa.. 368 

Girders formed of platec .«....«.«.«.««. 390 
Girders, strength calculated.« —a •*« —ceeeo— 361 
Girth, tbs eiroumfifrenea of cable .««.... 366 
Glaaa attracts water ^esssoaeeaMMOM—s—OMf ecO 198 
Glass, cohesion of plataa smoothly 

polished Meesseeesc* eeseeoeeecMsee oeeMee——• IS 

Glass gauge for ascertaining the watar- 

level la boilers •aa see oeo oee—e a—*— omo*« ioo w 180 


•ea see oeo oee—eaM«— omo6« 


180 
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rAOK 


01bU| Its dwitlclty t«a ••**«««*v***M«»****«*** 

fiius, BiMhinerjr for prcpoting .. 2:16 

Olusi’tbc mast elastic sutwtance . 136 

OlsM tumbler broken bp the voice of • 

•Inger eeseee eee eeeeeeeeeoMeee «••••• eee eee eet 23 

Olatc used in the eonetructlon of wale- 

pane. 103 

Gold. 2 

Gold. iU adheeive force with mercury ... 19 

Gold, It* epeciflc gravity .. 12 

Gold, whether It i» a porwui body ... 13, 16 

Gold wire . 2 

Governor for regulating the sjieed- 

furiiiuia . 404 

Governor for regulating the ap-ed in 
ateain enginra . 403 


Governor to regulate the velocity of 


Gudgeon, the axie of a iiulley. 12u 

Gun, its aircngth. 270 

Gun-metal, table of torsive strength ... 303 

Guii-inetal used for sliaH bcanngs. 476 

G'ln-inetal used to dhniniiili Iriction ... 396 
(i 111 t,i perrha employeil for straps ...... 447 

Guttii percha, machiiu-iy for preparing... 235 

Ur.uit »ei);ht. 39 

Gramme . 41 

Gramme, Frciich. ICO 

Granite, crushing force . 275 

Granite, table of friction . 477 

UravvAiin.le on the cause of graiiiy .. 13 

Gras Italian employed for giving motion.. 331 


uraMi) .. aiiu luii. 

Gravity, a constant power. 230 

Gr-iMty at Spiizhcrgen . 160 

Gravii} at the equator .146, ICO 


Gniil) in ihc latitude of London and 

r.iris. 16C 

Gravity, its cause. 13 

GiHViiick of two liquids conipiirod. 181 

Gravity opposed by capillary attraction... ISO 


Gravity, sticcifie, balance foraaeertaining 179 


Gravity, ipecittv, of a compound. 177 

Gravity, specilic of a solid found by 

X lohiiison's hydrometer. 181 

Gravity, specilic of any fluid, ascertained 178 

Grindstone grU, crushing pressure. 275 

Grotto del Cano. 21 


11 . 


Host and pmsura the cmsm of proper* 

Ites of oaatter.........M..M..................... d 

Heat expands Uqulds. XM 

Heat, latent .. 620 

Heat lost by air through ranfkction ...... 212 

Heat, repulsive power of . 2| 

Heating surface Id a stoam-ongiae......... 374 

Heavenly bodies, their nst or motion...... 33 

Hempen bower saUes, axpeiiments on 

their strength........ 268 

Hempen ropec, rulea for computing tha 

strength . 271 

Herwhel on indestructibility •••eaowos . 17 

Herwhel on perturbations of plonetaiy 

motion. J1 

Hexagon, how to draw it . 259 

Hexagonal prism drawing. 243 

Hieru, King of Sy'racuse, proposes a prob¬ 
lem to Arehiiiicdea . 176 

Hoiigkinson's calculations on elasticity... 23 
Hodgkltisiin's experiments for measuring 

elasticity. 156 

Hollow key for coupling shafls. 439 

lioTulogy. 236 

Horse as a moving force... 311 

Horse, average power of a.. 312 

Horse-power, as a standard .331, 312 

Horses in motion.89,90 

Human body, centre of gravity.88, 89 

Human power, its various exertions. .811 

Hurricanes, velocity and pressure of. 314 

Hydrodynamics .33, 195, and full. 

Hydrogen . 3 

Uyilrogen and oxygen explosive by 

platina. 21 

Hydrogen attracts carbonic acid. 21 

Hydrometer for measuring the gravities 

ot solids and fluids. 181 

■Hydrometer, tlie instrument used to test 

spirits .. 182 

Hydraulic apparatus . 235 

Hydraulic lift an<i crane .357, 35S 

Hydr.iulic presses and lifts . 2,:5 

Hydraulic presses, eif-cts of internal 

pressure sees OS ••■•sa ssseoo seo osw ssa oso owe *00 eosooe 270 

H)draulic ram for raUing water. 349 

Hydrostatic bellows. 164 

Hydrostatic paradox .162,164 

Hydrostatic press. 165 

Hydrostatics ...33, 161 

Hyperbola, a curve exhibiting the varia¬ 
tion of steam-pressure . 362 

Hyperbola, the surface of a fluid in capil¬ 
lary attraction . 123 

Hyperbolic curve, the ouUine of the fusee 356 
Hyposulphurous acid... M, 87 


Hammers (tilt). (See Tilt-hammers.) 
q Rand when exerting an amount of power 829 
Handcart, power of man in dragging a... 31^ 


Hands, their action. 300 

Hair, human, Ita diuueter. 0 

Hardneaa. 18 

Hardneat, a strength to resist external 

force. 272 

Hatching or aeotlon-lining.250, 251 

Hatty on eiystallixatioa. 29 

Hawksbee’s air-pump. 220 

Heart, action of the. 310 


Heat a source of power.M...232, 309, 359 


1 . 

Ice and steel, table of fHctlon ... 477 

lee on ice, table of friction ... 477 

Impact ••• •ea«eeeaeeeeaaooM»aae*soeeeeOooeeeeooeMeosa 134 

ImjienetTability...7,16 

ImplemenU are the products of dynami¬ 
cal mechanics.....' 228 

Imponderable elements •••••••Meeeoaeeea eeaaee * 

Impulse ••weea ••• eae ••• aaeaMeeeees ee**** eee see eeeeeo 

loch. 

Inclinations, conveying loads up........... 3ii 

lUCHn^d plmio snnoaee*aaMnMMwnM99t 1942 1S'#| &4X 
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PAOB 

iBclintd • mMhtiM • •• ••••••«*•*•■ M* UA 

lBiUA*rttbb«r aelvd on by «)cahal uid by 

watar .. M 

lD4i»>rabber,ttt force of eohmiMi. 18 

wleoniMd. 84 

ladMtitietttilltj . 17 

iBdIaitori an iottraBwiK to asoertain 

........838. 370, 410 

laaleator appMed to a eondeaaing engine 421 
Jadiartor, formula for findlnc the power, 
ladleator !• alto a ptetute of the defertt 
In the eogloe^i., . .. .. ........................... 

lodicator, lu action •eewoe oonowooemeoe ••• •«o«oe 

Inertia..—. 

Infutory aninalculet, tbetr minuteneat.. 

Inatrumenta for mechanical drawing- 

Inttramentt, mueical... 838 

InatntmenU. phUotophieal . 838 

Intereectiont of one carved turface with 
another .. 8*8 


418 

418 

411 

14 

10 

858 


Inventiont, mechanical, not the rctuU of 

accident. 887 

ItiTolnieof^he circle........................... 458 

Iodine. S. 8 

Iodine riiea in vapour at low temperature 380 

Iron... 0 

Iron and platina welding . in 


Iron, braat. and vieel, table of fiictiun... 4 77 

Iron (caat) columni. ihefr strength . 874 

Iron tcaal) coutract* in cooling from 

molten vtate . 289 

Iron (cut). daU for calculating the 

eirengUi. 267 

Iron (can), effectt oCteompre«s<ng. 273 

Iron (ca»i) girderc. uaoal tcctioii . 285 

Iron (caat). iia elaaticity ooa •••••• eao oat aoe oeeooo 23 

Iron (ea»t), i«a ipeciAc gravity......... IS 

Iron (cast)oftea deceptive. 276 

Iron, crushing preeeare... 875 

Iron, ecperimentr a^^ to compreaaion eoO eoa 272 
Iron, ite adhetive force with mercury ... 10 

Iron, malleable, rnllt, bcft aeetion. 289 

Iron iDaiiufhctonet...~...r~.. 432 


Imn manufacture, ateam power for pro- 
duicing blaep ** 431 

Inm-nut.......... 25 

Iron, lahle of etrength ...m.................. 294 

Iron, table of toraive atreagth. 303 

Irtm, tentive and eompreaiive dlffcrcnea 

between cast and wrought . 288 

Im (wrought), data for calculating the 
etrength 267 

Irrigating by ateam...... 432 

Irrigation, railing water lor. 348 

leo^orphou* cryetala «■•••• ■ao*e»*eaeo«*ooaM owe 30 
Ivory, ita daeticity •m.......>..........m...*23, 158 


J. 


/aek, a machine .MM.M. ......M. ......110, 238 


jawe, their action. 309 

jfgta, computation of their horiaontal 
range 198 

lolBt, univereal, for coupling ehafu. 441 

loptttf deetUuw of aunoephera. 212 


K. 

Katoi*o determination of the pendulum 

oeeeoe eeeeeeooe oeeooe 


PAon 

Kep1er*B hypotheela on the motion of 

|ktjUI9lW aee «■«••• ooaooeoeooee eewoM ooAooo oooooooeo 90 

Keya for coupling khafte ................... 430 

Key way, a rocoM for heye • ••woeeoe aoe oaeoee ooe 410 

King poet fixed to a beam..... t9S 

dCttee ptopolling vohleiot over ice ........ 310 

Knife, a lever .. 100 

Knot in a wooden poet an important 

element of foecture etwooe oee eoonooeeo voooooooo 278 


L. 

Labour aa a puntehment MO awo •••oae **e 0*0 ooe MO 311 
Labour, ite teoaomy le the chief etudy of 

raechaniee. 228 

Labour, manual, important obvervatione 

for Ita economy........ Sll 

Land-aurveye. fcalee uaed in drawing ... 260 

I,athc and mandril. 4^7 

Lathe, ecrew gearing fur the. 468 

Lead (caat), data fur calculating the 

etrength. 267 

Lead, eruihing preMtire. 275 

I,icad, elTecf of compreasing .. 271 

Lead, it* ctaeiiciiy . 24 

Lead, it* *perific gravity . 12 

I.e*d, table of tor»ive*irrnglb. 303 

Leather cm|iluyed In tirap*. 447 

Leather, m^irhincry fur propaiing . 2.15 

l.eather itrap*. rul-» for. 479 

Leather, table of friction . '477 

Leave*, the teeth of a pinion . 118 

Leeway . 317 

Lega, their action. 3t>9 

Length, unit of. 39 

Lenlie (8ii John i on particlca of inutk ... 10 

Levcllmg inatrumenta . 164 

Lever...!*9 lu;, JSS 

Lever, bcll>crank, for converting itioiion 462 

Lever, it* action . 437 

fjcver prcvsc* . 235 

Lever repreaented by the inutcic*. 2.10 

Leverage, cm!Ics* . 118 

Liebig on compound atom* in animal and 

vegetable bodie* . 4 

Lifting a load, action of man in.. 311 

Lift*, hydraulic .235, 357 

Light, Ua veloeity . 18 

Light, the height of atmotphere deduced 

from the refraction of.. 218 

Lights to complete drawing* need no 
geometrical projection ................... 258 

Lights represented fa drawings ••••••eoe256 

Lime . 28 

Limestone, compact, crushing force . 275 

Limestone, it* elasticity. 23 

Litnerbinc when exposed to heat. 6 

Lineal measure. 39, 485 

Lines, central, in drawings . 251 

Lines, dividing. 489 

Link motion in marine and locomotive 

engines . 401 

Links of a chain, their shearing strain... 348 

Lips, their action. lo oee MW a* • ooooae oee 300 

Liquid'bod ics •pa saewpwoao eoa OMoeoaoe OMinMoBOaso 0s ^ 

Liquid mesaure . 487 

Liquids, difierent, bow to meaiuro their 

gravltica...181,182 

Liquids, expansive power of .. 300 
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rAOE 

Liquids, tbelr power to eouTejr eonud ... 22 

Living force . 127 

Load, power of man In carrying a .. 212 

Loeda, bearing and dragging . 311 

Lock-up aafety.valve. 38< 

Locomotive.433, and foil. 

Locomotive, boilers flrst employed in ... 876 

Locomotive described. 433 

Locomotive for ordinary roads. 433 

Locomotive, friction-break of a .. 233 

Locomotive, its csseiituils. 433 

Locomotives, D-slide . 388 

Locomotives, spring balance in . 384 

Locomotives, their pressure ranges as 

hlKhaalSOibs . 382 

London, gravity in the latitude of. 160 

London, pendutuin beating seconds at... 160 

Louvre-boards of windmills. 323 

Lyxopodium.23, 24 

M. 

Machinery cannot create or annihilate 

force. 365 

Machinery driving . 431 

Macliinery for elTecting transit and com¬ 
munication. 235 

Macliinery for making ropes, cordage, 

paper . 236 

Machinery for measuring and calculating 236 

Machinery for moving fluids . 235 

Muebinery for preparing animal and 

vegeUble prodiirts. 235 

Machinery for preparing mineral pro¬ 
ducts . 230 

Machinery for preparing timber . 236 

Machinery for raising weights and giving 

pressure . 235 

Macliinery for textile fabrics . 236 

Machinery for working metals. 

blactiinery, its beauty on what it de¬ 
pends . 234 

Machinery moved by a weight. 353 

Machinery moved by springs . 356 

Machinery of antiquity. 226 

Machinery, straina to which may be aub- 

Jecied . 276 

Machinery, varying the apeed of. 446 

Machines. 98, 226 

Machines are the products of dynamical 

mechanics. 228 

Machines perform their work better than 

the hand. 313 

Machines, the velocity of any part is pro¬ 
portional to its strain. 437 

Machinist, what is his object t . 228 

Magie clock . 92 

Magnesia . 28 

Magnetism, as a source of mechanical 

q power. 309, 359 

Magnitude of forces . 44 

Mahogany, data for calculating the 

strength. 267 

Mahogany wood .. 12 

. Malleability . 18 

Man, avenge power of a .'. 312 

Man, his action when standing and walk¬ 
ing...89.90,01 

Man, how much pressure he esn exert 
by hie grasp .. 312 


Man-hole In boilers.. gyg 

Man, bow much weight he can bear and 

Uft •••••• eeo eaeoeo mo oMwee oee oos see see see see esoeeo 312 

Man's muscular force a source of power.. 222 

Mandril of the lathe ... 4 gy 

Manual labour. Important observation 

for its economy on see eooMoeao oeeoeo eoe see oeooow 811 

Manufactories geneially employ beam- 

engines .. 421 

Manufactories, power requited in . 431 

Marble, crushing pressure.......^..... 275 

Marble, its speeifle gravity ... 12 

Marine engines described . 424, 

Marine engines introduced m moniifoeto- 

ries . 431 

Marine steam boilvrs. 375 

Harriott’s, law application of . 368 

Marriott's law of gases . 362 

Marriott's law of proportion between the 
volume and pressure of air • •• aea aeOMa see 208 

Mass, explanation of this term . 166 

Mats of a body. 10, 12 

Mass, unit of a. 152 

Mass. 149 

Material, its economy it the chief study 

of mechanics. 228 

Material, its disposal to secure strength.. 290 

Material particle. 34 

Materials, crude, machinery for preparing 230 
Materials with which the mechanic has 

to deal. 260 

Mathematical instruments . 838 

Matrix of a punching machine. 305, 306 

Matter, its properties . 1, and foil. 

Measure of length . 39 

Measures, English, 58—41; ditto French 41 

Measuring machinery. 236, 489 

Mechanical drawing ..237, 240 

Mechanical notation proposed by Babbage 238 
Meclianical invention not the mult of 

accident . 227 

Mechanical philosophy . 33 

Mechanical powers. 99 

Mechanics, practical, a necessary know¬ 
ledge . 225,237 

Mechanics, statical and dynamical.......^ 227 

Mechanics, their cobuectioa with 
chemistry 227 

Medium or ether. IS 

Men, muscular power of .. 309 

Menal Straits bridge . 282 

Mercurial steam gauge in boilers . 388 

Mercury, as a means of measuring pres¬ 
sure of fluids . 363, 884 

Mercury, its adhesive force with gold, 

silver, and iron. 19 

Mercury, Its capLUary repulsion . 198 

Mercury, its density and specific gravity 168 

Mercury in the barometer . 208 

Mercury vapour, proposed engine ...... 881 

Meridlon..... 40 

Metacentre In a floating body ............. 184 

Mctaeentre, its determination 188 

Metal arsenic in a solid and aOtlfonn 
state........................M........5 

hietal {belij its eliustlcity 23 

Metals. 8 

Metalloids .••m.m.m.m............. 6 

Metals burning in a componmd of earhon 

and n^^xogeu ••• OM ••• OOOM* OOSOOO OM ooe ••• ••• * 
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STXHBX. 


* 


IlMahi late «lt« bama* tKonttr >71 

awhlMrj Ibr working .- >» 

Mtali Mk M m by man cantaet with 

4 

I* 

•••••«••• «»«••••••••••• 41 


Mto a— aaa **• ■— —* *♦* >»»•»• •— >9 

mndaoi^____ MS 

8 11 duft, apiMrktitt for diUtlng ... Si^ S24 
lit, chinmlt for coiiTtying wtltr to «. S4S 
lUUt(tide). (SmTIM MUlt.) 

Mills (wind). (5to Windmills.) 

Mills worknd snceessUsly by tb« taoM 
^^sfsT ... ......... .*■... ...... ■«■.#■ ... ...... ... SdS 

Millwright farinnrly knww all about his 

■Mchlany .... «••••*«• owwaos-wMotw* sinoo 3M, SIS 

Mlnoni ptoduets, maeblnory for pro- 
parin Si*••#••• *•* — —w—ogg n >36 

MIrm, Watt’s engines applied to neenMesn 419 

Mttiw wheel* •«s eeeeoeewe mwm aes owe eon e we ee eoeoen wee 4Sf 

Molecular forces .. IS 

Moment of forces... 69 

Momrats, poattive and negative.. 66 

Mesnentum •eeeeseaa a*a • a**«e eoe **»*•*ooe ooewee 169,160 
Momentum in maehlnea......»..~„. SSS 


Momentum of a steam-engine equal to a 

Mow of a 68)0. cannon ball •eoBOw •« _ S76 

Momentum of dynamics •eeeee *aSRe*Bes ■■•eea 60 
Momentum of the body 149 

Moon has no atmosphere onoseeeo* oesweo oMooe »S 

Moon's motion .. S6 

Motrin's experimeiitt on turbines M7 

Motlars, their strength >70 

Motioa, elrcular .............Mm.«.~....».... 14S 

Motion, double **• see see *se*ee*«a»e* eoeeeooee oeoeoo 169 
Motion down and up inclined plaoes...l37.139 

Motion, eecontrie . s a *•*•••ene eoeees eeo eon 399 

Motion in inids, the resiatanee to ........ >01 

Motion rin machinery chaofed trans- 

eersoly •es eee oooeee eoo **s•so ooo eeseoe eooooooooeoeooo 446 

Motion, its commanleaiion.........4S6, and foil. 

Motion, laws of Newton •*0 000*00000 ooe sooooO 169 

Mathmaf heavenly bodies......^.. II 

Motion of heavenly bodies the result of 

two simple forces..... tSS 

Motion of projectiles ....mm..m............146,141 

Motion of traoslation 169 

Motion parallel in steam-engines ......... 4S2 

Motion, roetlltnear, uniformM....M«» ~.M« 130 

Motieii, vcctlltooar, varia b le133 
MotWnif reversing ...................m........ 466 

Motion, roisry..~M.i93,436, 46S 

Motion stoppM by friction 47> 

Moulding apparatns .... teoaoe eoo ewe oee ooo eeo mo >36 

bfouldittg maehinery >36 

MounUlM, Uie height computed by ba> 
rometer ..........M.MM.«..ra«M*M..M.n...w. >11 


Mrantalne. the height mensured by 
masns of barometer >08 

Monotoins, their Ininenee on the piamb* 

line ooe oweoMMooooOoooooeoeeooaemoooneeooooooeoo eoo l> 

)(otttb, tbenction ef tliaM.M..M.M.mM..Mw. >10 
Movament, radpneating ....... 463 

Moving foreaa rsoo aoooooaom soo ooo oeedoo ooo—onea ana 140 

MudduAeaInbofjera .Mw.M.....M.MaMM«N. 0-9 

Moaelaa as Isvers .........»..„....m.~.«»100, >30 

Minnids not oontnilad by tbo wUi >10 

Mniilw. their action ooo eoo ewo eee om oeoooo—noor SOO 

^SneMag, ttmirfb ioe w.,.,>10 


PAoa 

Mtueniar fbreea of men and ■•**■»■»* • 
aoiiree of pewer......... >>S 

Mnsenlar power of men and animals>09 
Maaied>boxee >19 

Mneknl Instmmenta eaaaaaeMOeoaMaaoneoweoo— >M 

Maak,ltoparAuaiag power 1 


N. 


NatnrhLphUosopby.»...»....~.».... I, tad lUI. 

Neutral an la of beama . >>• 

Neweoman, the earliest engine nvnUnble 

was bis •es sseoes seeeseeao ess eeeeoo see—a ooe as* 417,439 

Hewian'a contrivance fbr menaurtng 

elasticity .... span#Me oeeseesMoes veseeseee seoSea IM 

Newton’s experiment on attraction by 

means of pendulnms... It 

Newton's taws of motion . 169 

Newton's opinion as to the divisibility of 

matter.. 7 

Newton on porosity 16 

Newton on the cause of gravity . IS 

Newton on the vena eontracia. SOS 

Newton the discoverer of gravitation ... 16 

Nicholson's and . Carlisle's method of 
analysing water ......S 

Nlcbolson’s hydrometer peesee*ses****pe*ssBsose 181 

Nitrogen... 3 

NItroffca and carban a compound in 

which metals bum . 4 

Nobert's (Mr.) prize medal for lines on 

glass one 47deih part of an inch. 8 

Non-eondensing sngines .. 431 

Non-mstalUc elements .. 3,6 

Notation, mcehanieal, propoaad by Bab¬ 
bage ... ........................ ...... M. ... .M ...... >36 

Nuteraeiiers as levers. IM 


O. 

Osh, African, emshing pressure............ >'• 5 

Oak. d.ita for calculating the strength ... >67 

Oak. Englieb. crushing pressare.. >75 

Oak, ill »pecille gravity aea ** 0 ** 0 aee•••eee••••** 13 

Onk, table of strength. 398 

Oaralever. 160 

Oar, the movement of the Sll 

•Mate spheroid • **•* 0**0 aoeeeeeeoeee eeoaeoWM ■****• 498 

Offsets, or scale* fur measuring ........... >80 

Oil apparatus in machlnsry ................. 443 

Oil 01 vitriol, (dee guipburie Aeld.) 

Oil, maehinery for crushing.. >36 

Oiling reduce* friction . 473 

Oils, vegetable, machinety for preparing >33 
Optical uiBtrumenta ■•«••# **as*Bews**oee* seeeaacao >30 
Ordnance: thieknesa does not always 

constitute strength. >70 

On stamping and crushing at roiaea...M. 439 

Ortt, machinery fw preparing.. >30 

OriAces. velocity of 9 ulds through ......m 190 

Ounce Weight. 38,39 

Outlines, drawing .. >37—>60 

Ovafshot water-wbocls .M3>7,3St 

Oversbcrt-wheol, whore applicable 343 

Ovorsbot-vrheels, terminology >41 

Ox aa a moving force eeo eee eoo ooe ooooee ooo eo« ooo >11 

Oxalle add fllters through a bladder...... >0 

Oxide of iron.........................Mi—>6 
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fAM 

OJtygmi •i« ••••••«•••••••• •••••»••• ••• ••• •■••••*«*•«• 3 

Oxygen and hydrogen exploelve by pln- 

tfnx . t\ 

Oxygen gei does not exist in the liquid 
or eolid state .. 8 


P. 


pM!king*rlng of the piston of a tteam<en> 

gine. 891 

Paddle leathering. 434 

Psodle-wlieel described. 434 

Paddle-wheels, shock from waves . 303 

Paddle-wheels, ateani-eiigine for driving 424 
Palladiuni used ior the construction of 

balances. 108 

Paper-maklnt! machinery . 236 

Paper, Ihickuess of a common sheet . 9 

Parabola, the curve dL-svribed by fluids 

issuing from orlftces . 196 

Parnbola the path of a projectile. 141 

Faraboln, the proper longitudinal section 

of a beam . 291 

Parabola, the surface of rotating fluids ... 191 

Paraboloids . 496 

Parallel lines, their use in drawing,,..,.^. 243 

Parallel million in stcain-en:;lnes. 423 

Parallelogram <>f lorces . 44 

Parallelogram of velocities. 139,140 

Parcal'.' experiment on rising water 

through tubes. 206 

Paris, gravit) in its latitude. 160 

Particle material . 34 

Paving of London represents mtire labour 

than the largest pyramid . 228 

Paving York, crushing pressure. 275 

Pear-tree,daiaforcalcuiatingihestrength 267 

Pemberton cn porosity . 16 

Pen, a drawing in-trunicnt.. 260 

Pencil compass. 260 

Pendulum, as a meant of observing the 

gravitation... 13 

Pendulum aaa standard measure of length 40 
Pendulum beating seconds in Londen ... 160 
Pendulum, ccnieai, to regulate the ipced 343 
Pendulum, conical, to regulate the velo¬ 
city ot engines .........403 

Pendulum, methods for moving. dfiS 

Pendulum of a clock . 333 

Penknives, how three may be balanced on 

the point of a needle . 85 

Pennyweight. 39 

Perch or pole. 39 

Perpetual screw . 459 

Persian wheel for ralaing water...,.. 348 

Pet-coeka In steani-enginei . 300 

PhiloMiphical insiruinenta. 238 

Philoiophy natural. (5‘eelfatural Philosophy.) 

Phosphorus. eeeeeMewennnweweaeeeenMeen 3p 6 

Photography .. 239 

Physics.......I, and fol. 

Pictures, by hand and 1^ photography .. 239 

Piercing apparatUB . 235 

Pigments, machinery for preparing....... 235 

Pillar, a vein in It an alement of fracture. 273 

pillow blocks e« e ooe eea m* oaeowo ooo ooo eeo osa ooe »m 442 

Pincers as levers. 99 

Ptne, American, crushing preiaure. 275 

Pino, table of strength . 208 


Pinion 


MOS 




eooeooo eocoovoon 


.. 118 


Pinion sad rack ... 487 

Pinion form of tsoth •••oeeoeaoooweeooooeo eoooM 488 
Pinions partly geand ••a woeoM oee •wm eeeeeoeeo a«« 485 
Pina of a ohain, thoir ahoaring Btrsin .. 808 
Pipe branehlng oot of another, mods tt 
drawing •aeooooaooooaMOAaoaaaaooooeoe eooeaa oowoaa 248 
Pipe, the velocity of water thiengh a .. 105 

Pisa, Leaning Tower of ... 88 

Piston, apparatus for steam power ,....362,167 

Platon, how Itf reetproeating motion la ^ 

converted Into rotary ..........SOS,and foil. | 

Piston in steam-cBgiaes, Its eonatmerion .HOO 

Piston-rod, ita action... 804 

Pitch of a screw .. M 

Pitch of a screw, method of cutting..... 487 
Pltchof a screw propeller considered ... 488 

Pitch of toothed wheela. 448 

Pitch pine, table of strength .. 208 

Pilch radius of a wheel. 434 

Plan orhorixontal projeetion ..241, 243 

Plane, inclined.99, 124, 137, 158 

Plane Hurfaees in drawing.......... 238 

Plane, what is called so.98,167 

Planet and sun wheel. 471 

Planets, their motion . 11,86 

Planing iron. 438 

Planing machinery »»**••••• •■•owe ••bmo •••< . 236 

Planing machines, methods for moving 

463,466,470 

Planing metals, machinery. 236 

Plans of railway or canal works, scales 

employed . 260 

Plalea, corrugated, are stronger. 290 

Plates of which boilers are constructed 377 

Platina and iron welding . 19 

Platina causes oxygen mixed with hydro¬ 
gen to explode. 21 

Platina, its tpecifle gravity. 18 

Platinum used In the construction of 

scale pans . 106 

Platinum wire . 6 

Plug, fusible, for ascertaining the water- 
level in boilers. 881 

Plumb-line • •• ••• ••• •••••• eeo eoo eee ewe ewOeoe eoooon 80 

Plumb-line drawn out of the vertical by 

attraction . 12 

Plummer blocks . 441 

Fneumaiics.88,205 

Poinsot's theory of couples . 78 

Poker, a lever . 09 

Polar diameter of the earth ............. 160 

PolariacopB . aoe eea woo«ee «o« oM SS 

Pole or perch. 89 

Polishing by emery .. 478 

Ponderable elements ........................ 8 

Poroaity «*# oeo aooooc eoaaooeeo aoooeoooa oooeoo aao ooom* IS 

Portland stone. 18 

Portland stone, crushing pmssute....... 875 

Post, wooden, a knot u an elemont of 

ft'scture ■ ••ovoaeoee* e« sow* too eaeoeewwo oflOOOOOOOOO* 878 

Potash and soda analyaed by Davy...4 

Potasaa •eeoeooooooeoaoaooaoaaooaonooaeoo aoowovwoOono 
Potassium oee eeonoo eoeooo aoooooooowooooo avoowaooaowo 

Pottery-ware, maehlnery for pnq^oring... 288 
Pounds, troy and avoirdupois........... 88 

Power eonaista of two elements ......... 803 

Power conveyed by machinery, ita con¬ 
ditions... 487 

Power, liunum, Itt various ezeitioua..M III 
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Vmtw ta w—I ■nfinti. liow eumtial... MS 
FoiWOT.ita «MUBiialostfon ...>....4S6, and fbll. 
Pwar, It* MOMct and application .^3, 309 
Fowar mcaaorad Iw djrnamoairtor 474 

Favor, fnadtanlcai. defined »....mm. 49>, 437 
Povaly aioda of eatimatiaf 390 

Favor, noaeolar *•« •»•••• OM *••••« ••*••• oaoaa* 310, 311 
Favwof ahono aaaeaaooaaoaao* aaaeaaooaoa* 313 
Favorof a DIAH vm *«■ ««• MO aaa 31S 

Pmrcf of gtmyiU m coiuUuit pov«r.«i. 110 

of tllo V kflO e>aMa«MMo*aO »••**■«•«»■ «•• 3l0 

Fo««r. restulotinff . *•* •••••• aoa 334 

Faver required In manofkctoilea 431 

Povor. iStt alao Force.) 

Power, etandard of. 331 

Power, steam. (^ee Steam Power.) 

Power, the means of derivinf and com* 

muniemlnc It. 339 

Power, the object of dynamical tne- 

ehanles. 238 

Paver wasted by frietion . 437 

Power, what b ? >■ B •••••• BOO •«« •■OOOO eoo OOS BOO 329 

Powers, mechanical •M eeBBOO ••• ooooooeoa oeaoooooo 99 

Press, hydrostatic ..... IM 

Presses ..... 233 

Prsaaes, hydraulic, effects of internal 

ooeooe •ooosBoooeosoooeseaaoaooBooaoaove see 270 

Pcesaure.... 132 

Pioasure and beat the causes of pro¬ 
perties of matter... 4 

PKSSure and tension eOOsoB osSbbo sooooo oossos 41 

Pressure applied to clastic fluids... 203 

Piessnro, atmosphcnc .... 203 

Pressare,centre of .. 174 

Preetore,explanation of the term .......^ IM 

Presenro^Tinp machinery ... 233 

Pretenre, Intemel, itseffccte ......„....288,639 

Prcastire, Ite trnnsmbslon throogh flulda 162 

Preeeuxe of different fluids . 170 

Pressure iff Bulde on eoncare eurfheet... 171 
Preaeure without motion, ite law ........ 437 

Preatures, floid. 107 

Preeauna on triangles and rcetangks ... 169 
Pnssuma, resnltaot of ail the173 

PrimlDg in hollers, what It le ... 379 

Printing machinery, a peculiar form of 

oetew applied ••e oooooeeos eseoseoeaeeo eoooooooo 403 

Printing presses ......aM*...M.................. 233 

Um, motion of .......«.......m~.140, 141 

lies, range and height eeO eessoe eoe oee 143 

ion, horhumtal ...240, 341, 313 

on of curreo 244 

on plane surfaces . 24o 

s are not representations of the 
aetnal appearances • SB eevoossoo soe ssMewesoowes 3S2 
PropeUerB, paddle-wheels... ........303,424,434 

Propellers, screw ......Ma.*.M*.M*..433, 434,479 

Pfopnlshm of eessels .. 434 

ProCrsetor. a drawing Instmmont oaeeeesee 200 
Pront's table of equivalents .. 20 

Pulley vwewooewweee eOeOM ooooosooeooeoMooo ...99,130-123 

pulley, amaebine.........M~.....-....~..~~, 233 

PnQey, pnssurc on the nxte.................. 131 

Funoye, cenleal, theb action eoooee peesee ooooee 443 
tut and loot# eoooaeoM aenoon aoo 440,447,400 
FnU^s, frietion on eeeooooovoeeowo eoeove oee 479 
Fnlh^, mice for eslcnlatfng epoeda ..... 444 
Fnlbpo, aat of ............................... 440 

Fnlloyo to omivey motion ... ... 443 

Fnmp a,,.,.....*.. 233 
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Pomp falrl (Fee Alr-pump.1 
Pump (foed> (Su Feed-pump.) 

Pump for rogulatins epeed ............. 496 

Pump forcing deecrihed.. 2lg 

Pump, household............................... 219 

Pumping, action of man in CBBesB•••veoeoe 911 
Pumping by steam power described ..... 428 

Pumping enRine, mode of reckoning. 231 

Pumping, font) of engine employed In... 423 

Pumping in docks • ■ee nee saaes*aeaeeeeae 430 

Pumping in water-works . 430 

Pumps worked hy windmills . SM 

Punch, what Is a 303 

Punching . 439 

Punching a hole In metal, force required 308 

Punching machinery. 3M 

Punching, the abeuing strain in • eeaeooao ••• 303 
Pttsning bearing used fur screw pro¬ 
pellers . 479 

Pyramid, to find Its cvnlrc of gravity 9C, 97 
Pyramid*, a labour that might have been 
better applied. 228 


Quadrant, a division of a circle . 439 

Quadiui>etls.wben walking . 89 

Quirk lime. 2 

Quicksilver in a liquid and solid state ... 5, 6 
Quintens’s twlancc. ill 


Back and pinion . 457 

Rack first proposed for ral'roads. 433 

Hacks and partly geared pinions. 463 

Racks, machines (or rutting. 409 

Hails, question of deflection..... S67 

Rails, the best secliun of . 239 

Railways, scales employed lor plans . 280 

Hallway tiains, method of arresting . 473 

Ram, hydraulic, for raising water .. 349 

Ram of the hydraulic lift. 357 

Ramsden's balance. 108 

Aaichct-roupling for shafts. 440 

Ratchet-wheel fur vibrating motions. 463 

Rays of light considered In drawing -.242, 253 

Hmir-grlnder*s machine . lOe 

Reaction... 42 

Reciprocating movement • eeeaa eee seateeoee462 

Rectanglet, pressures on .. 169 

Refraction, atmospherics 1.. 213 

Regulating powers in mschincry moved 

by weight . 333 

Regulators for wstor-wbecls. 343 

Relief valves in steam-enginss ............ 390 

Rennb’s experiments on frietion oeowee eeo 478 

Repulsion eos seeoee eeosesovooooooe eeo oeesoseoeeae ooe 21 

Repulsion, capillary............ 24 

Rcservoin *SB eeeeea seeesBBeeese eeewO* ass SO# seoeoeoos 342 

Itotstance to motion in fluids eeeooo eeeeaBOOa 201 

Respiration organs, thslraetlon .. 310 

RsM or squlUbrittm.........M»«—.—>6 

ResntUot nf fores .. sosaoo aosMitooo sen 41, 47 


Reversing by cross stmpa ................... 4fll| 

Reversing by toothed gearing .. w 

Raversing motion eooooooooosooooooo es9##o90o*oseoe 

Rhine tidai mllb ............sMm...,,.., SIS 
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Kite to tfirngthea falto Ut 

RigUMy S4 

Rl^d bodjr In eqaillbritiiii ar 

Elfan, wtlnated ipoed 830 

Blvntlng ninehlBerjr SM 

Rlreto umO in eonitraeting bollen . 377 

Rotomri bnluM .. 113 

Roeking atones .. 14 

Rods. 08 

Rods, a manner of eonpllng .. SIM 

Rods to atrengthen beams. 393 

Rolling iron .. 433 

Rolling metals, maehliieijr . 338 

Roman steelyard . log 

Roofs, ancient forma of • oeeoesee ■•aanoeea ee >*e 326 

Rope dancers. 39 

Rope, ftiction of e»ils.„... 480 

Rope-making machinery .. 236 

Ropes, rulea for computing the strength. 371 

Hopes, their tension calculated . 361, 262 

Rotary engines. 426 

Rotary motion converted into reeiproeat- 

ing . 462 

Rotuy motion convejred through ma¬ 
chinery . 438 

Rotary movement, how produced by 

the motion of the piston. 393 

Rotating fluid. Its equilibrium . 190 

Rotation. 37, 147, 1.19 i 

Rotation, how to leverse the direction... 444 > 
Jtii'at’on, rapid, in shafts decreases the 

Mrain . 304 

Rotation, uuifomi, Froud’s apparatus ... 334 

U'lughnesi). 18 

Itnwiog, an operation in which man 

e\erts the greatest power... 311 

ItMHing, power of man in. 312 

Rudder of a ship, to find ita maximum 

cilect . 204 

Rulus and examples for measuring a 

circle .. 489 

R u)es and examples for measuring scales 

ol temperature. 487 

Rules and examples for measuring time. 487 
It tiles for flnding the area of a circle...... 491 

Rules for finding the area of a parallello- 

gram. 491 

It tiles for finding the area of a sector ... 492 
Rules for finding the area of a trapeioid. 491 J 
Rules for finding the area of a trlangio... 490 ^ 
Rules for finding the citcumferenoe of an 

ellipse... 489 

Rules far finding the cubic contents of a 

spiicre. 495 

Rules for finding the dlametor. 190 

Rules for finding the mensuration of the 

superficies .. 490 

Rules for finding the solid contents of 
e prism .M..........M494 

Rulea for fludlng the surfice eontonts of 

s cylinder . 491 

Rules for finding the weight of hollers 494, 495 

Rules for measuring a cone .. 494 

Rules tor measuring a eurvad figure ...m. 493 
S'***!.*** Btoestirlng a sphere .. 494 


Bundle 
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Safety-valve in steam-bollen. 


‘••••eanootao 


383,383 


naan 

Sailor*! art 815—319 

Sidl, first rude notion of 3I3 

Sail of a ship, Its aetlon •ooooa oea oe* evosoeoooooo 315 

SaOs, eonputatlon of the angls at wbkh 

should bo set ••• unaseoaeg e e » mmm ooo oon ooo oao eae 318 

Sails of windmills 334 

Sails of windmills, their angle and di¬ 
mensions M. *...M 330, SSI 

Sails propelling chariots 319 

Salt, how voluble in wat«r... •eeooo ots* ocooeecon 38 
Sandstone, table of friction 477 

Satellltea, their motion 11 

Savery's engine oeooeo ow* one eee eeeooo eee nennnn oon 417 

Sawing machinery 335 

Sawing machinea, methods tor moving 463 
Scale, a drawing instrument ............... 859 

Scales. 104 

Seslea, circular.. 360 

Scale-drawtngs, their object.-.^............. 360 

Scalea, making out ............................. 469 

Scalee mott convenient for arehltectui^ 

drawings . 359 

Sca'es most convenient for mechanical 

drawings . 359 

Seales used in drawings of land-surveys 260 

S-eock.~.A. 156 

Scissors as levers. 99 

Screens that right themselves after 

!* being preesed down. 85 

Screw #•0 0*0 •eoeve •■eooa aooOMaaaeee eee mmm 99, 125, 126 
Screw, a machine... .M......................M.a. 235 

Screw, apparatus for exhibiting the pro¬ 
pelling power . 354 

Screw-curvea, drawing. 246, 247 

Screw cutting machines, method of mo¬ 
tion .. 467 

Screw dix'*ing. 244, 215 

Screw gearing for the lathe. 468 

Screw micrometer . 409 

Screw, peculiar form applied to printing 
machinery. 465 

Screw, perpetual coaaeooaaoooeso aoesoeees . 439 

Screw presses • eveeossaeeoveaeoeooaaas eosooo eseaea 235 

Screw propeller . 434, 435 

Screw propeller, pitch of screw . 435 

Screw propellers, form of bearing used 479 
Screw propellers, steam-engine for driv¬ 
ing .. 425 

Secew-threads, their forms generally 

agreed •eo oaoaoaoeoooo oeooeo eoe eeeawa OoC oaeaoo •••oae 450 

Sea currents. 118 

Section-lining or batching aeeeaaeaoooeeoo oaa 250 

Sections, drawing . 342, 344 

Soed-crushers, methods for moving ...... 163 

Seine tidal milla •ca oeeeoe sew oee aaooeoeoeeeo 332 

Selenium ..— 3, 6 

Set-square, a drawing Instrument ..i...... S5S 

Shades to complete drawings need no 
geometrical projections 358 

Shading drawings •so eoa oosooe OoooaoMooooooeeM 350 
Shading, how may bo elibcted 356 

Shadowing circular a !«•!•••• ••oaooooo MO ooaoo* ••• 355 

Shadowing drawings 350 

Shadows and shadas, drawing tS3,354 

Shadows, to eomplew drawings, nosd no 
geometrical pni^lion aaeowaoBOoaoeo*eeaaew 258 
Shaft, a part of msetainety, eoasidsted.M 488 
Shaft, mUl. (6ce Mlil-ahaft.) 

Shafts, dafieetlen an Impoimt element 

of weacnesa oao oaa om etooaa oaa swosea oo* oaanoe eoa wOv 
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MMlIa, frisM m«r«n •h«iiUI to ttiMigar 
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I toiftiiy npld TotadM toeraMM tto 
SSIVIB •«■■*• «•• Ml 

Mufto, rUm tm todtaf tto pfopvr dl- 

ItofU. ubi* of toniva •tnogtto ......... SOS 

•b«fU, tMr tauten cmw>hanl«Md....» 17t 

Itolto, ttoirdlffiCBnont laquindSOt. uid foU. 
■tofts, tto Ottmtor of molutkmt oa 

deoMat of csleuteUon ... SM 

fhafts, tto povM Is rscksasd In hono* 

ptfWVf ■•••MSaAMO ■•#••• ■••••«••« OS* . MS 

■halts, tto rastaaaee to toidoa Is m 
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■toartec aioctatesry ....mm.m..m.m....m... SSO 
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■toon M loTora OoooOa •••■■« SSO SSO as* ****** sss ou 100 

■hssvf, tto eceeatrie disc in stsua- 

snoinn . S99 

Ship ia modea, the aetieo of the wind... SIS 
Ships, caution in ennstraetinf and load* 

_ing ••o ••SOOOs** *••**• SOO* •**•«••*«•••*••** so* 0*0 Its 
Shiver m.................m............m.m..mm..m ISO 

Shoulders, their action .. 309 

Shrouding in water-whacia . SSS 

Skat^valva la steam-enginos MS 

Si’lriam SOSO** R**ooo**o*oo *••*•« «•* *** >saos* *•* ***oM S 

SUh line, as span hrj tho worm: Its di*> 
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Bilk, nuehinarjr fir pteparfag 930 
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Silver, Its adbosivs furcs witu nareiirpM. 10 
Sliver loaf, its thickness... m.......m.w.m.m. 0 

SkelstoB, huaiaa .......m......m.m.m..mm.... SOO 

bkht for arresting curiagas .. 473 

Sledges over ire propelled hp means of 

kites •Ml »•*•*«••* sosssvaoooo* 004**0 **ooooo*oooo****o 319 

Slito, ejrlindriraJ .. SM 

Slid*, how Us motion isprodneodhjr roterj 

tnovenontM.. .. .m.m....m ....» SM 

Slld s-Jacket...... .......m*..m.m. SOO 

Slides, adjustment »•« »**— *0*000**0 son **•*•* ooa 409 
Slides la steam-engtesa S07 

Slips M. ....M mm* .♦.M.M.m..M.M.»**P ...... M. .mM. SSO 

Siuieas for opening and elosteg wator- 

ekaanols ooa#** •*o*oo*****o ****oo*o***oa**oaa«ooooa SIS 

■lotting maeblDc, nmUieds d moving «. 479 

Smoaton's air pama smwooes*00**0* as* oooooo—o oo* SSS 

■BMaton'saa|f*s ortho sails of a wladmlU Ml 
SmastoB^s poHOjr ....*....«..m...........m.m.«. ISS 
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■oda and potash analysod by llavy. 
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iOltdlly la hOdi*SM.M.MMM.MMMM»M».M. 4,0, r 
Solid msasar* — — T-,-ri -Tii.n.ini i.,.., ......SP, vBS 

Solids doeempeood to toal.»...M.M.M.M.«. f 
SoHds ImmerwNl hi two iulds 1M 

Solids la gammd attraet waterISt 
Solids, tlioh eobsslon with Stiids IS 

Solids, to Sod ihoir spseiSo srsTltp to 

Nletalsen's bfd WnWCVf osoowooaaaoooo oaoooo III 

8olw» Frith, tho tidal oiirtont d »..»«. S4S 
Bouod cenvopad hp water M 

Sound, its volodtp IS 

Spado a idVor 99 

Spaoo and volodtp m.m. .m... ....m... 10 

Space Infinitely dfvlsiMe.M........ .» 7 

SpaeepaeetdtiiroagkhpalhlUafihodp... S31 
■tHwa paaeed throosk to • movuif htap 

ISO, 1S4 

Spadfle gravitp>M.M—•—»M>»*««M*~lfifi» 17fi 

Spaed is distance aad time aoo as e eaw eoo ow» ooa SSI 
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Spaed is distance aad tima ao* •• a eaw eoo *w* oo* SSI 
Speed d pulleps. rules for calculating ... 444 
Sphere Ailed with fluid, to detetmtee the 

pressure ....mm m.m..m.......mm.m.m.....m 170 

Sphere flostinr its equilibrium ....mm.... 183 

Sphere, to find its diamstu when tho 

weight is givan.... 178 

Spheres, pr^eetion of the shadows...».». S35 
Spider's thresd; its diameter ...m..mm..m 9 

Spindle, considered ■*e ees*aa*ooeoo ss***oeooseo*eo 438 

Spindles, rules to colcuUto strain m..mm. 303 

Spinning maehinerp 0*0 oo*aons*s sea svooeo oo* b*o 334 

Spirits. Instnimant to asoortala their 

strength ■..m..........,m....m.......m.m.mm« 18S 

Spirits of wine •«oee* •**a**o*es*s aoc*****#**# *se saw 17 
Spirits of wine in enpiliarp attiBeiioo.M.M 193 
Spltshergea, force of gravltp m.......m..~ 164 

Spokes of a whealM tevars *o*eo«oo*a*o**« ooo 118 
Sponginess in east iron osw 0 * 0 * 0 * eoo eoo own aeo now SHO 
Spentteg fluids • «o aes s*«ooo»*e ssa****** ••s**4*** sea 193 

Spouts: computation of their range nnd 

Velocitp M. M.......M.M.M. ...M.M. Ml M..M... 199 

Spring, air acting u a... 430 

Spring'hntanca ia locomotives 0*0 oMMOaos .... SSI 
Springs emplopcd as a foroeM..«....MM.S93, 334 
Spttegs, foveralng powu of. •*•0* seo****** 0*0 353 

Spring intermlufng ••o **• eo« ee«**o*o*ooaoos*«* SI5 

Springs, thair motion not ragttter m..m... 354 
Spur wheel. . R**»**o* »*••** *•• *•* ***o*** s soe* IIS 

■quue soctioas resist tension totter than 
eircolsr oaetlons m.,m.«..mm.m*.mm.m«m. SOS 
■qnare wheolwork mm,m.m.m.m.m.m.m*m> 471 
Bqnirt Isamlnlaturo forclng'pnmp ...m. 219 
Staff civotteg used in eoastmetteg boilers 37 7 
Staifwuo, power dman in conplng loads 

_ op a - - m ooo ooa o saoaw 0*4 AOS 313 

•tamper, methode Itor movtef a m.m.m.m. 44S 

Stoinmog ore at rntnas •Ml eoo *00 ***•#• 0*4 oeoe* s 4M 
Steaiwrds of measum M. M.... M..MM....M.SS**4I 
Stars, thair asotion .m..».m....m.,,m«..m..m.11, 84 
•totl^ and dpnamieal maehaolea ...m.m. S2* 

S teti C a M»»MM , . W »M»MM«»MM..M.MM«M»M.««.«M S4 

StatoarUs topresaot tone's walk onms- 

OOSlP .m««..M..M.........M..MM..M.«M»,M...89, 90 

flsteg tto plate* d4ua toll* 
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Steam hoUu, apoaratas for oseartainteg 
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Steam hdler, appsratns for sup^plng 
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SteuB taller, albets d teternal prsssim 

SMp 909 




















































iin>Bx. 


9AQM 

Steam bollar «xploal(m .. 980 

Steam boiler, quantity of water required. s81 
Swam boiler, tiak of exploalon 982 

Steam boiler tested MeoM eeaeM eMMeee* •*•••< 982 

Steam eondensatloa •••esweea eeo oeeeee oeo 299,867 

Steam driving macblaory .. 431 

Steam*englne......... t ■•••«ee«« oeeM* eee 999, and foil. 

Steam-engines oombined .. 429 

Steam-engines compared «.... 419 

Steam-engines i condensing power deter¬ 
minated see 00 * ssesee eee seeeeeooe eweeaoeee eoeenoMt 429 

Staam-enginee, Cornisb, reports.. 429 

Steam-engines, double acting, described. 423 
Steam-engines, estimating the power of.. 414 
Steam-engines for driving paddle-wheels 

deserlb^ . 424 

Steam-engines for driving serew-propeilers 423 
Steam-engines for pumping reckoned ... 231 
Steam-engines, formula for calculating 

the power . 367 

Steam-engines, governor .. 343 

Sieam.«ngij)es, high pressure and low 

pressure. 397 

Steam-cngiucs, how many tons of moving 

iron . 276 

Steam-engines, Influence on the artSM.... 232 
Steani-engiiies, meihoda of estimating 

power . 407 

Steam-engines, momentum equal to a 

blow of a 681 b. cannon ball . 276 

Steam-engines, Newcomen's. 417 

Sieam-ongiiies, non-condensing . 421 

Steam-engines, noii-condenstng, where 

convenient. 432 

Steam engines, portable. 432 

Stcani-eiigiiies, power measured by 

dynamometer. 474 

Steam-engines, ratio between calculated 

nod real power . 412 

Bteam-cnguics, rotary. 126 

Steam-engines. 8nv«ry*s„. 417 

Slettm-engines, single acting. 423 

Steam-engines, single acting were the 

earliest .. 420 

Steam-engines the most advantageous of 

all app.iratus. 359 

Steam-engines, Watt's improvemoiits ... 418 
Steam entering a cold cylinder bvcomee 

condensed . 390 

Steam, estimated volume .. 869 

Steam gauges .. 389 

Steam hammer .. 481 

Steam in hollers, how much space there 
abould be for ••••sa as* aas ••«••• #•••••«#« 379 

Steam, in what eonsiiU the groat secret 
of its power ............M.MW.-.• 269 

Steam, indication of its powerM. 379 

Staam, its elasticity is proportional to its 

tampeiature .. 394 

Staam, its power by expansion. 369 
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Windteaa, the friction of ropea or chains. 440 

Windmiila, advantages of. 323 

Windmilla, apparatus for regulating...322, 333 
W indmilU for giving motion to machinery 819 
Windmilla, horiaontal, not ao elftctlve 

aa vertical a*»«aa as* aaa eooaoa«*e«oo*aa »*• ••*■••••« 319 

Windmilla partially auirounded by a 

easing aea aa* *0# *aa«*a ae* >aa aaa••o*«o *00 eaa eaoaooaao 320 

Windmilla, power of . 335 

Windmilla, aelf regulating . 234 

WindmiDs, their conair action.319-331 

Windmilla, volocliy of. 334 

Winnowing corn by steam-power ......... 431 

Wine, apirtta of, and water, when mixed, 
contract 17 

Wine taster deveribed... 230 

Wire, a aingnlar fact on.....................370,271 

Wiro^rawing machinery .. 230 

Wire of gold, or of platinnm ........... 9 

Wire, the strength computed 271 

Wlrtembuig ayphon ana eaaeaa aaocoooea oao aacoao SIS 

Wood, baeeh, ita apceiflo gravity.. IS 

Wood columns, oxiierianonta on.. S74 

Wood, date for caleulatliig the atnagth.. W7 
Wood, elm. its elastiiity .................. 23 

Wood, expoitmonte aa to eomproaaion .. 278 
Wood, how Mctlona in drawing aio 
hatehed w ....... .. .. SSI 

Wood, mahogany, ila apacISo gravity ., IS 
Sfoad, oak, Its apaclAc gravite.MMm«M,M IS 
Wood on wood, mle or Metlea »».... 477 

Wood, working maohlnoiy ........... 4SS 

Wona8iDD*9 oxpwtuwnt u to p i m iu u m 

^ Vll^M ooo ooo ooo ocoeocc— o—ooo poo Ji »oo ooooco *ooooo P 

Wollaolen on eryotela oOoooOooaoooaaoffH ■■■ e*oa«oS 9 p SO 
Wool,inaeblMvyfbrpraoor^ .......... SM 

WoaUo»aletk,teUo«f atoUos 472 
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woprt llini Ito dtaawtn 
^RTOrk 4#All§4 

'Worki nMbaainl, difliwd .mw.*.—••411 

Vwfc.wliatto -- 

‘Worklni^nwlngi, «luit B».» ~ 

Workoiio dagnSud Iqr Um um of bm* 

flblfifls 

WorkmaB, qualitlM dMirad la a 
Vorkman ahoald ba allowad to mo tba 
Tosult ot hla affi)rta»»a•»•••«•■•••■ •••••••M4** 

Worn and vbaal MO aaoMaaMaao Mao** aaa aaaaaa ••• 


WfUMillMnMm a*aa#aa*«aa^atPa*aaaa.a#*»a*oaa 0V 

Wrinfcttn«ad^to4baatiaiaaaefplBloaM Sfd 
WfiBti, thairaatioaM.«*•••—fit 
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Yaik paviagi aniriihig giaama %1t 
















